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When signs and symptoms refuse to fall into place, the C.R.P.A. test 
accurately indicates inflammatory and necrotic diseases. A simple office 
procedure taking less than two minutes to set up and perform, the 
C.R.P.A. test can be used prior to other tests to determine the necessity 
for an erythrocyte sedimentation rate or SGO-T level. 

Unlike the ESR or SGO-T level, a C.R.P.A. test demonstrates no 
variability in normal values. It is influenced only by the C-reactive protein 


in the patient’s blood. A positive reaction always indicates pathology ;! 
no false positives have ever been reported. 

The C.R.P.A. test is a consistently constant indicator of acute myo- 
cardial infarction,'* acute rheumatic fever,'*!2 active widespread malig- 
nant and bacterial 


CRPA, 


for routine blood chemistry 


The reliability of the C.R.P.A. test makes it invaluable 
in differential diagnoses and routine work-ups. It may 
be used to deny or confirm ESR and SGO-T readings. 
Because it is so sensitive it can mark the progress of 
the disease and measure the effectiveness of therapy.!.15 


References: 1. Editorial: J.AM.A. 160:672 (Feb. 25) 1956. 2. Levinger, G. L.; Levy, H., and Elster, S. K.: Ann. Int. 
Med. 46:68, 1957. 3. Kroop, |. G., and Shackman, N. H.: Am. J. Med. 22:90, 1957. 4. Kroop, |. G., and Shackman, 
N. H.: Proc. Soc. Exper. Biol. & Med. 86:95, 1954. 5. Shubin, H.; Glaskin, A., and Heiken, C. A.: Tuberc. 15:62, 1955. 
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Arch. int. Med. 96:674, 1955. 8. Goldner, F., and Meador, C.: South M. J. 48:1339. 1955. 9. Hedlund, P.: Acta med. 
scandinav. supp. 196:579, 1947. 10. Shackman, N. H.; Heffer, E. T., and Kroop, |. G.: Am. Heart J. 48:599 (Oct, 13) 
1954. 11. Boland, E. W.: California Med. 82:65, 1955. 12. Knights, E. M., Jr.; Hutchins, M.; Morgan, E., and Ploompuu, 
J.: J.A.M.A. 162:9 (Sept. 1) 1956. 13. Shetlar, M. R.; Bullock, J. A.; Shetiar, C. L., and Payne, R. W.: Proc, Soc. Exper. 
Biol. & Med. 88:107, 1955. 14. Ruggieri, P. A.: J. M. Soc. New Jersey 52:500, 1955. 15. Dodd, K.: Mississippi 
Doctor 33:59, 1955, Complete literature and bibliography available on request. 
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Problems in the Pathologic Diagnosis 
of Carcinoma of the Thyroid 


ROBERT C. HORN §Jr., M.D., Detroit 


The difficulty of histologic diagnosis of 
some diseases of the thyroid gland is a 
matter of fairly general agreement among 
pathologists.*'!?'5 In the last decade or 
so, as the result of many excellent investi- 
gations, publication of numerous long-term 
follow-up studies, and the widespread par- 
ticipation of pathologists in seminars and 
workshops, many of the problems have 
been at least partially solved. However, 
there remain some biologically proved can- 
cers that do not have the familiar histo- 
pathologic features of malignancy, and, in 
addition, an apparently increasing number 
of benign lesions whose morphologic resem- 
blance to cancer leads the alert pathologist, 
anxious not to let a malignant tumor go 
unrecognized, to suspect carcinoma where 
none exists. The present study was under- 
taken in an attempt to identify factors 
responsible for such problems and, if pos- 
sible, to clarify diagnostic criteria. 


Materials and Methods 


Sixty-eight cases are included in this study. 
Fifty-nine of these were seen in consultation, 
sought in hope of support of an opinion, for help, 
or because of my known particular interest in 


Submitted for publication Aug. 3, 1959. 

From the Department of Laboratories, Henry 
Ford Hospital. 

Read before the Section on Pathology and 
Physiology at the 108th Annual Meeting of the 
American Medical Association, Atlantic City, June 
11, 1959. 


the subject, but always with some degree of un- 
certainty as to diagnosis. Whereas an individual 
case may present a pathologist with an insoluble 
immediate problem, the problem may often be 
resolved by the study of a group of similar cases. 
I am indebted to 22 colleagues for the opportunity 
to study these 59 cases. Only nine cases are in- 
cluded from the Henry Ford Hospital material ; 
it was difficult to apply the criterion of selection 
used above, namely, that the case was enough of 
a problem to one pathologist to cause him to seek 
the opinion of another. The Henry Ford Hospital 
cases are those in which the diagnosis was reversed 
or remains in doubt; they do not by any means 
include all the cases that presented diagnostic 
difficulties. They represent a little less than 1% 
of the thyroid glands studied in the surgical pathol- 
ogy laboratory during this time period. 

The clinical data and pathologic material of 
all cases have been restudied, and each case has 
finally been classified in one of six groups, as 
follows: nodular goiter, 3 cases; adenoma, 10 
cases; carcinoma, 22 cases; “thyroiditis,” including 
lymphoid goiter, 12 cases; hyperplasia, 11 cases, 
and diagnosis uncertain, 10 cases. These groups 
are not always mutually exclusive; cases having 
two of the above diagnoses have arbitrarily been 
placed in the group that would best facilitate dis- 
cussion. 

It is unfortunate that the final classification can- 
not be corroborated by long-term follow-up study 
in all cases. Although follow-up information has 
been obtained in most of the cases included here, 
the period of follow-up observation in some is 
relatively short. Nevertheless, study of this material 
has yielded certain useful information and, in 
many instances, has afforded confidence in a pre- 
viously disputed diagnosis, even in the absence 
of biologic proof. 
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Results 


Age and sex followed very much the 
usual pattern for studies of thyroid disease. 
Only 9 of the 65 patients whose sex is 
known were male. Four of these were 
finally classified as having carcinoma, and 
in three cases the diagnosis still remains 
problematical. This series is perhaps 
weighted slightly with younger patients, no 
doubt a reflection of hesitancy in making 
the diagnosis of carcinoma in this age 
group. Nine patients (of 64 whose ages are 
known) were in the first two decades of 
life, and an additional ten were 30 years 
of age or less. 

Nodular Goiter—The problem of ex- 
cluding carcinoma in all three cases classi- 
fied as nodular goiter was occasioned by 
the presence of papillary structures within 
a nodule. In one instance the papillary 
fronds were attenuated and atrophic; in the 
other two, thick and fibrotic. In one of the 
latter the papillary structure was observed 
within a cyst partially lined by squamous 
epithelium and showed a considerable in- 
flammatory-cell infiltrate. None of these 
cases was actually diagnosed as carcinoma. 

Adenoma.—Of the 10 cases finally classi- 
fied as adenoma, 7 were histologically atyp- 
ical. In five the atypia were found to consist 
of growth in more or less solid sheets or 
trabeculae with poor follicle formation and 
little or no colloid. One was wholly com- 


Fig. 1.—Atypical ade- 
noma of thyroid, & 150. 


A.M.A. ARCHIVES OF PATHOLOGY 


Al- 


posed of oxyphil or Hirthle cells. 
though well circumscribed, it had no 
capsule. The sixth atypical adenoma was 
composed of festooned trabeculae of elon- 
gated cells oriented perpendicularly, and, as 
in the preceding case, lacked a capsule 
(Fig. 1). The last atypical adenoma showed, 
in part, an alveolar grouping of plump or 
elongated, pale cells (Fig. 24) and, else- 
where, a peculiar papillary pattern, where 
the papillary cores were thick and the cov- 
ering cells cuboidal and_ single-layered 
(Fig. 2B). This lesion also showed strik- 
ing endothelial proliferation within many 
of its vessels. In none of these seven le- 
sions was invasion of capsule or vessels 
found, although it was frequently not pos- 
sible to examine eight blocks, as Hazard 
and Kenyon®* have recommended. Study 
of these cases supports the authors’ conten- 
tion that the atypical adenoma of the thy- 
roid can be considered benign if capsular 
or vascular invasion is not found after 
careful study, although our follow-up is not 
as complete as theirs. Nevertheless, it is 
well to remind ourselves, in view of what 
we know about the frequent very slow 
evolution of thyroid carcinoma, that some 
of these atypical adenomas may prove to 
be malignant if we carry our follow-up 
studies to multiples of the traditional five- 
year period. This warning is particularly 
pertinent with respect to the current series. 
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PATHOLOGIC DIAGNOSIS OF CARCINOMA OF THYROID 


One of the problem cases was a_ well- 
differentiated follicular adenoma without 
invasion but with a papillary structure cen- 
trally. The latter was entirely orderly. The 
ninth adenoma was a small nodule with a 
thick capsule in which there was an area 
simulating invasion (Fig. 3A). Because of 
the completely innocent histologic appear- 
ance of the lesion and the presence of in- 
flammatory the area, it was 
regarded as “pseudoinvasion” produced by 
reactive fibrosis. 

The question of muscle invasion was 
raised in connection with the remaining 
adenoma. Actually, the adenoma, encapsu- 
lated, was separated from the muscle by 
essentially normal thyroid follicles inter- 
mingled with muscle fibers. Gardiner? has 
explained this phenomenon as a_ normal 
variation, and Meissner '® has warned that 
hyperplasia, as well as carcinoma, may pro- 
duce this appearance of simulated muscle 
invasion. 


cells in 


Two of the adenomas in this group were 
originally diagnosed by at least one quali- 
fied observer as carcinoma and by three 
others as possible or probable carcinoma. 

Carcinoma.—In 8 of the 22 cases classi- 


fied as carcinoma, consultation was sought 
simply for confirmation of the original 


diagnosis of carcinoma. In two additional 
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Fig. 2.—Atypical ade- 
noma of thyroid. A, alve- 
olar or solid structure; 
B, papillary pattern; re- 
duced to 77% of mag. 
150. 


instances multicentric, well-differentiated 
follicular carcinomas were not recognized, 
although the patients were known to have 
thyroid cancer from previous tissue exam- 
ination (a cervical lymph node in one case; 
a “solitary nodule” in the other). In one 


Fig. 3A.—Adenoma of thyroid. Simulated cap- 
sular invasion. X 70. 


he 
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Fig. 3B.—Carcinoma (malignant adenoma type) 
of thyroid. Capsular invasion. X 150. 


instance of a solid tumor with some papil- 
lary areas the thyroid origin of the lesion 
was a matter of disagreement among the 
original observers. In seven cases of carci- 
noma the diagnosis was disputed, or there 
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was a particular problem in differential di- 
agnosis. The alternative was hyperplasia 
in two cases, adenoma in four, and thyroid- 
itis in one. In one case (Case 30) the 
tumor was a multicentric, well-differentiated 
follicular carcinoma. The patient had re- 
ceived propylthiouracil for several months 
prior to operation, and the question of 
thiouracil effect was raised. However, both 
capsule and vessel invasion were demon- 
strated. In another (Case 38), the problem 
revolved about the differentiation of carci- 
noma from a hyperplastic reaction to an 
area of necrosis in a focal lymphocytic 
goiter. The lesion had the morphologic 
character of cancer, and, in addition, there 
was invasive growth. Of the four cases in 
which the differential diagnosis included 
carcinoma and adenoma, two showed cap- 
sule invasion (Fig. 3B) and two, blood- 
vessel invasion (Fig. 44). One of these 
four was a well-differentiated follicular tu- 
mor composed of Hirthle cells ; two others, 
also composed of Hurthle cells, were more 
or less solid, with some papillary areas and 
very little follicle formation (Fig. 4B). The 
fourth showed the distinctive alveolar pat- 
tern which | described and which Hazard 
4 


and his associates * called medullary or solid 


( Fig. 5). In one case it was difficult to distin- 


Fig. 4—Carcinoma 
(malignant adenoma 
type) of thyroid. A, 
blood-vessel invasion; re- 
duced to 80% of mag. 
< 50. B, solid growth of 
Hiirthle cells with oc- 
casional suggestion of 
papillary pattern; reduced 
to 78% of mag. * 150. 
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Fig. 5.—Solid, or “med- 
ullary,” carcinoma of 


thyroid. X 150. 


Fig. 6.— Occult carci- 
nomas of the thyroid. 4 
and B were encountered 
in diffuse hyperplastic 
goiters; C, in a diffuse 
lymphocytic goiter. Re- 
duced to 92% of mag. 
90. 
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guish between invasive, well-differentiated 
carcinoma and the simulated invasion of 
thyroiditis. 

In four cases, tiny, sclerosing carcinomas 
raised the question of differentiation from 
scars in otherwise diffuse goiters. How- 


ever, survey of the group reveals a se- 
quence from almost insignificant epithelial 
elements to the picture of a definite, al- 
though still small, carcinoma (Fig. 6). The 
study of Woolner and his associates ™ sug- 
gests that this particular distinction is es- 


Fig. 7.—Chronic 
roiditis: three different 
cases showing (A) hy- 
perplasia, X 115; (B) 
nuclear pleomorphism and 
atypical character, & 375; 
(C) simulated invasive 
growth, < 150. 


thy- 
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sentially academic. Those occult carcinomas 
that were incidental findings in their series 
were not of clinical significance. 

A total of 8 carcinomas in this group of 
22 thyroids were occult. Two were papil- 
lary, showed little sclerosis, and were not 
associated with hyperplasia, although one 
gland was diffusely enlarged. The remain- 
ing six were follicular and sclerotic. In five 
cases the glands were otherwise diffusely 
hyperplastic, and four of these were toxic. 
One multicentric, occult carcinoma occurred 
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in a diffuse lymphocytic goiter with marked 
oxyphilia. The association of occult carci- 
nomas with diffuse hyperplasia has been 
noted before; it has been suggested that 
they are discerned more readily in diffuse 
than in nodular glands.* 

Of the frank carcinomas, seven were fol- 
licular and two solid, one of the latter also 
showing some papillary structure. Only 
five have been classed as mixed papillary 
and follicular. This no doubt reflects rela- 
tive confidence in the diagnosis of papillary 
carcinoma, as opposed to the well-differen- 
tiated tumor composed of colloid-containing 
follicles. 

Of these 22 carcinomas, 5 were originally 
diagnosed as benign lesions. 

“Thyroiditis.” —This group, together with 
the hyperplasias, includes the most inter- 
esting and important cases in this study. 
For the purpose of this discussion, we have 
included under “thyroiditis” both truly 
inflammatory lesions, usually focal and non- 
specific, and lymphocytic goiters, also usu- 
ally focal, a total of 12 cases. Striking 
papillary hyperplasia (Fig. 74), marked 
pleomorphism with bizarre nuclei (Fig. 78), 
and an appearance simulating invasion 
(7C) were each primarily responsible for 
the diagnostic problem in three cases re- 
spectively. In addition, two cases with great 


nuclear pleomorphism also raised the ques- 
tion of invasive growth. It appears that a 
papillary pattern can be safely considered 
benign in the face of the other characteristic 
features of thyroiditis; the diffuseness of 
apparent invasion is usually strongly sug- 
gestive of fibrosis and trapping of epithelial 
elements rather than true invasion, and the 
bizarre features so often seen in Hirthle 
cells actually occur more frequently in be- 
nign than in malignant lesions of the thy- 
roid, excluding, of course, real anaplasia. 
In two of the above cases, the lymphoid 
infiltrate was so dense that lymphoma also 
entered the differential problem. One case 
showed squamous metaplasia. Although the 
occurrence of metaplasia at times raises the 
question of carcinoma, it has been demon- 
strated not infrequently in benign condi- 
tions.'*'° The questioned nodule in the 
12th case in this group was said to be sepa- 
rate from the thyroid gland proper, al- 
though immediately over it and in the 
midline. The morphology was that of a 
benign lesion. 

Of these 12 tumors, 4 were actually di- 
agnosed as carcinoma and 1 as lymphoma. 

Hyperplasia.—In this group are included 
8 instances of diffuse hyperplasia, 1 ot 
toxic nodular goiter, 1 of exhaustion atro- 
phy, and an 11th case of hyperplasia and 


Fig. 8—A, markedly 
hyperplastic thyroid show- 
ing essentially clear cells; 
x 150. B, follicular and 
papillary carcinoma in 
same gland; reduced to 
77% of mag. X 115. 
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carcinoma, originally considered entirely 
carcinoma (Fig. 8). In 7 of the first 10 
cases, the diagnosis of carcinoma was made 
initially, and in the other 3 it was seriously 
considered. The difficulty of differentiating 
between carcinoma and hyperplasia has 
been commented on by several authori- 
ties.» 15 In two cases the extreme hyper- 
plasia alone produced confusion with cancer, 
but in the other nine there were additional 
atypical nodules, four cases; 
atypical cytologic pattern, three cases ; both 


factors: 
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the preceding, one case, and, finally, in one 
case, the fact that the history of thiocyanate 
therapy for hypertension was not available 
at the time of the initial pathologic examina- 
tion. 

Seven of the patients in this group had 
severe Graves’ disease. Three of these were 
on propylthiouracil treatment for two to six 
months, but the preoperative preparation of 
two was completed with iodine. One of 
these was also treated with cortisone for 
rheumatoid arthritis for two years. It is 


« 


% 


- 


Fig. 9—Diffuse hyper- 
plastic goiter. A and B 
show an almost solid pat- 
tern; C, a more familiar 
picture, including both 
small follicles and large 
ones with papillary in- 
foldings, and D, a strik- 
ing papillary appearance. 
Note fibrosis in A and 
diffuse lymphocytic infil- 
trate in B. A and C are 
from the same case; re- 
duced to 80% of mag. 
x 115. B and D repre- 
sent two other cases; 
reduced to 80% of mag. 
150. 
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believed that the third patient failed to take 
her iodine. One patient was prepared for 
operation with methimazole (Tapazole) and 
iodine, and one with iodine alone. These 
goiters tended to be almost solid, with poor 
follicle formation and little or no colloid 
(Fig. 9), or to have extensive such solid 


areas mingled with the more familiar pic- 
ture of hyperplasia. The cells were large 
and frequently had clear or very pale cyto- 
plasm. Oxyphilia and cytologic atypia were 


also common features. In addition, there 


were distinctive unencapsulated nodules 


Fig. 11.—4A, papillary 
hyperplastic nodule in 
toxic nodular goiter; re- 
duced to 77% of 
150. B, exhaustion 
atrophy of thyroid; re- 
duced to 77% of 
250. 


mag. 


mag. 


Fig. 10.—Atypical solid 
nodules with papillary 
centers that characterized 
many extremely hyper- 
plastic goiters. Both A 
and B reduced to 77% 
of mag. X 13 and X 150, 
respectively. 


having a papillary structure quite different 
from the usual hyperplasia (Fig. 10). 

In the two remaining cases of Graves’ 
disease the patients had been toxic for long 
periods of time. One, whose toxicity was 
recurrent over a 10-year period and who 
had had both surgical and x-ray therapy, 
had a nodular gland in which some nodules 
were filled with dense colloid and others 
had a papillary structure without any col- 
loid (Fig. 114). The other had extremely 
severe thyrotoxicosis for six years, which 
did not respond to surgical, x-ray, or anti- 


= 
Horn 21/489 


thyroid drug treatment. Her thyroid 
showed the picture of exhaustion atrophy, 
with great cellular atypia (Fig. 118). 
Of the remaining four patients with hy- 
perplasia, one, as noted, received thiocya- 
nates for hypertension (Fig. 124), and 
one had been taking 5 grains (0.3 gm.) of 
thyroid daily for five years. The latter is 
the patient who had hyperplasia and carci- 
noma (Fig. 8). The third patient had 
been treated surgically for thyrotoxicosis 
10 years before and for a recurrent non- 
toxic nodule 5 years before. In the light 
of this history and the nodular character of 
the present goiter, it seems probable that 
the atypical pattern (Fig. 12B) is that of 
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compensatory hyperplasia rather than of 
carcinoma. Although the nodule in question 
had no real capsule, true invasive growth 
was not demonstrated. The fourth case was 
that of a 20-year-old man whose gland was 
extremely hyperplastic and papillary, and 
without colloid (Fig. 12C); the patient 
was not toxic. For some two years before 
operation the patient had been taking “shots 
and oral medications” for asthma; it seems 
probable that this gland belongs to the group 
of iodide goiters recently reported by Paris 
and his colleagues." * 


*It has since been learned that the patient's 


medications included a prescription that contained 
potassium iodide. The dosage and period of time 
for which it was taken are unknown. 


Fig. 12.—A, thiocy- 
anate goiter. B, compen- 
satory hyperplasia. C, 
diffuse hyperplasia, pos- 
sibly due to iodides; re- 
duced to 85% of 
150. 


mag. 
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Uncertain Diagnostic Cases.—Of the 68 
cases in this study, 58 were classified either 
as carcinoma or as one of a variety of 
benign lesions with reasonable, although 
perhaps not complete, assurance. There 
remain 10 problematic cases, 4 of which 
were initially called carcinoma and 2 pos- 
sible carcinoma. One is now considered as 
probably malignant. This tumor was large, 
encapsulated, and composed in large part 
of adult-appearing, colloid-containing folli- 
cles. Capsule or vessel invasion was not 
found, but portions of the lesion showed a 
distinctive, festooned pattern with duplica- 
tion of lumina, quite like a pattern known 
to be associated with malignant metastasiz- 
ing cancer. 

Six of the uncertain cases are now con- 
sidered to be, in all probability, benign. In 
four, the lesions have the morphologic ap- 
pearance of benign adenomas and in one 
of a nodular goiter with heavy lymphoid 
infiltrate and fibrosis. However, in all, the 
occurrence of well-preserved epithelial ele- 
ments in dense fibrous tissue makes it im- 
possible to rule out invasion with complete 
confidence. The remaining probably benign 
an atypical adenoma in which 
there was no well-defined capsule, although 
real capsule or vessel invasion was not dem- 
onstrated. However, we were unable to 
examine multiple blocks. Perhaps, as Park 
? suggest, for some thyroid le- 


lesion was 


and Lees ! 
sions we need two standards of “accuracy” 
of diagnosis—one for practical and one for 
scientific purposes. 

We have been unable to place three cases 
in any category, even tentatively. One of 
these is an atypical adenoma in which cap- 
sular invasion cannot be excluded and in 
which there was a recurrent nerve paralysis. 
The latter cleared partially after operation. 
The second is a large multinodular goiter 
with extensive degenerative change in a 
patient who was mildly toxic. Additional 
findings were those of a granulomatous 
thyroiditis plus areas of well-differentiated 
small follicles suggestive of neoplasm and 


either growing invasively or simulating in- 
vasion because of fibrosis. The last was a 
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young girl operated upon for a histologically 
innocent-appearing nodular goiter, who, 
three years later, had multiple implants of 
equally innocent-appearing thyroid follicles 
in the soft tissues of the neck. 


Summary 


Sixty-eight cases of thyroid gland disease 
treated surgically that presented difficult or 
insoluble problems in pathologic diagnosis 
are reviewed, both pathologically and clini- 
cally. The opportunity to study these cases 
as a group has permitted classification of 
58 cases with reasonable assurance that the 
diagnosis is correct. Among the remaining 
10, it is believed that a “probable” diagnosis 
can be made in 7, 6 of the 7 now being 
considered probably benign. 

Atypical patterns gave rise to diagnostic 
difficulties among the adenomas and an ex- 
cellent degree of differentiation among the 
carcinomas. In both groups the evaluation 
of invasion, either of vessels or of capsule, 
was frequently a problem. The latter was 
also a problem in differentiating thyroiditis 
from carcinoma and was frequently com- 
plicated by a marked degree of cytologic 
atypia. Hyperplasia of an extreme degree 
was difficult to differentiate from carcino- 
ma, particularly when accompanied by cyto- 
logic atypia as well as nodules of an atypical 
pattern. Throughout all groups, papillary 
structures, both hyperplastic and regressive, 
raised the question of carcinoma. Finally, 
the importance of a knowledge of the clini- 
cal history and gross pathologic description 
is once again emphasized, particularly in 
recognizing extremes of hyperplasia. 
Henry Ford 


Department of Laboratories, 


Hospital. 
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Microlithiasis (Calcospherites) and Carcinoma 


of the Thyroid Gland 


JOHN G. BATSAKIS, M.D.; RONALD H. NISHIYAMA, M.D., and C. R. RICH, M.D., Ann Arbor, Mich. 


Introduction 


The histologic differences between malig- 
nant and benign neoplasms of the thyroid 


gland are sometimes so slight that the pres- 
ence of well-differentiated metastases in 
regional lymph nodes is the only evidence of 
the carcinomatous nature of the neoplasm. 

The histopathologic diagnosis of malig- 
nant change in some thyroid tumors fre- 
quently is based on individual interpretations 
and experiences. Many of the cytologic 
criteria of cancer, namely, epithelial dis- 
tortion, pleomorphism, and the presence of 
mitotic figures, are observed also in non- 
cancerous lesions of the thyroid gland. Park 
and Lees ' pointed out that even invasion of 
the stroma cannot be relied upon as an ab- 
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solute criterion of malignancy. Angioin- 
vasion, pericapsular extension, and _ local 
infiltration, although of some diagnostic 
significance, may also be due to artifactual 
distortion and/or production. 

In addition to the various histologic fea- 
tures referred to, some authors ** consider 
the presence of calcospherites (psammoma 
bodies) to be of assistance in differentiating 
benign from malignant thyroid neoplasms. 
This report presents evidence to support 
this concept and represents an extension of 
a previous survey.” 


Methods and Materials 


A search for calcospherites was made on 819 
thyroid glands removed surgically. The average 
number of sections examined per case was 10, with 
a range of 1 to 30. All material was fixed in 
formalin, and the sections were stained with 
hematoxylin and eosin. 


Numerous calcosphe- 
rites, showing well- 
marked lamellated char- 
acter. These bodies were 
in an area adjacent to a 
well-differentiated  follic- 
ular carcinoma (not shown 
in photomicrograph). He- 
matoxylin and eosin; re- 
duced to about 80% of 
mag. X 275. 
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TaBLe 1.—Calcospherites in Non-Neoplastic and 
Neoplastic Thyroid Glands 
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TABLE 2.—Calcospherites in Malignant Neoplasms 
of the Thyroid Gland 


Number 
of 
Calco- 
Number spherite:. Percentage 


Non-neoplastic thyroid glands 612 10 
Neoplastic thyroid glands 84 
Total 


Results 


Calcospherites (Figure), blue-staining, 
round, usually laminated bodies, 25y-75 in 
diameter were found in 84 of 207 malignant 
epithelial neoplasms of the thyroid gland 
and in 10 of 612 nonmalignant thyroid 
glands. The high ratio of carcinoma in this 
series is more apparent than real, since after 
an adequate control series of benign glands 
(612), our investigation was primarily an 
analysis of thyroid glands in which there 
was carcinoma. 

The malignant neoplasms were classified 
according to predominant cell pattern. If the 
papillary and follicular components were 
approximately equal in the tumor, the carci- 
noma was Classified as “mixed.” 

The preponderance of calcospherites oc- 
curring in papillary neoplasms is readily 
apparent in Table 2. As noted in our previ- 
ous study,? the high percentage of calco- 
spherites in the mixed type of carcinoma 
is due to the bodies occurring in the papil- 
lary portion of the neoplasm. 

Sex, age, or previous operative pro- 
cedures had no bearing on the presence of 
calcospherites. The bodies were present in 
10 of 612 non-cancer-bearing glands, an 
incidence of 1.6%. Here, they were con- 
siderably fewer in number than in carci- 
nomas, often only 1 in 8 to 10 sections 
examined. It is of interest that in the benign 
lesions in which they appeared, there was 
some evidence of hyperplasia, either focal, 
as in treated hyperthyroidism, or a diffuse 
hyperplasia. 

Comment 


Pathologists, realizing the difficulties in- 
herent in pure cytologic evidence for thyroid 
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Total 
No. of 
Malignant Neoplasms Percentage 
Thyroid with with 
Neoplasms Calcospherites Calcospherites 


Type of 
Malignant 
Neoplasm 


Papiilary 86 43 50.0 

Follicular 23 27.4 

Mixed 15 82.4 

Undifferentiated 3 16.8 
(anaplastic) 


Sarcoma 0.0 


1 0 
Total 207 4 


carcinoma, have placed reliance on finding 
capsular violation,’ vascular invasion,** lo- 
cal aggressiveness, and the presence of 
obvious metastases to adjacent lymph nodes; 
each of these criteria is subject to artifactual 
distortion or production. Even the definition 
of metastasis has been difficult to establish, 
since only recently has the “lateral aber- 
rant thyroid” been recognized as a metasta- 
sis and not a developmental error.'” 

Stout '' indicated the difficulty in assessing 
capsular invasion in areas of scarring and 
hemorrhage, while Park and Lees ' consid- 
ered stromal invasion to have little value 
as a criterion of malignant change in the 
thyroid gland. Warren ' cautioned against 
the mere presence of thyroid cells or follicles 
in the lumen of a vessel being regarded as 
blood-vessel invasion, At times it may be 
necessary to resort to special staining tech- 
niques to emphasize elastic tissue or other 
features of the vascular walls and thereby 
establish an exact, or at least truer, relation 
between tumor cells and vessels. Vascular 
invasion may occur in “adenomas” or le- 
sions whose architecture alone would arouse 
the investigator’s doubts as to their benign 
nature. Even under these circumstances, 
Lahey, Hare, and Warren ™ found it to be 
present in only 3% of such cases. Since 
well-differentiated carcinomas of the thyroid 
gland tend to grow slowly, and the correla- 
tion between evidences of histologic and 
“biologic” malignant change may be mini- 
mal, vascular invasion is an important diag- 
nostic finding, even though only 10% of 
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the patients '* whose glands showed evidence 
of vascular invasion by carcinoma had clin- 
ical evidence of malignant disease. 

Intravascular extension is also subject to 
variation according to the type of neoplasm; 
i.e., Graham ® did not see invasion of blood 
vessels in “papilliferous adenocarcinomata” 
in his original series. 

The psammoma body, or “calcospherite,” 
has only recently been stressed as an ad- 
junct to the above criteria or aids in the 
diagnosis of thyroid carcinoma. Its presence 
has not been ignored before, but little sig- 
nificance, except in passing, has been placed 
on its presence. Ewing,'* discussing papil- 
lary neoplasms, noted that “calcific granules 
may appear in the stroma or alveoli.” Ander- 
son ® mentioned the occasional occurrence 
of psammoma bodies as one of the dis- 
tinguishing features of thyroid carcinoma, 
especially in the papillary type. Warren 
and Meissner '® stated: “Small granules of 
calcification, like grains of sand, are com- 
mon, but more extensive calcification is 
infrequent,” and, in the legend for Figure 
60 in their article: “Formation of calcified 
bodies resembling psammoma bodies is a 
common occurrence in the centers of papil- 
liferous processes.” 

Klinck *"7 was the first to emphasize the 
occurrence of calcospherites and stated that 
when such bodies were found, a meticulous 
search should be made for a primary carci- 
noma of the thyroid gland. Crile and 
Fisher * noted that the bodies were valuable 
in the diagnosis of frozen sections of the 
thyroid gland when the question of papillary 
carcinoma arose. They specifically utilized 
the presence of psammoma bodies in their 
Case 2, in which thyroiditis and papillary 
carcinoma both were present. Winship and 
Chase '* stated that microliths were helpful 
in diagnosing thyroid cancer and consid- 
ered that vascular invasion should not be 
the sole basis for the diagnosis of carci- 
noma. Underwood and associates*® con- 
cluded that the presence of psammoma 
bodies in a papillary lesion of the thyroid 
gland was an indication that the lesion was 
malignant. They stated that when the bodies 
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were numerous, they could be demonstrated 
radiographically. 

In our previous survey? of these bodies 
in a series of surgically removed thyroid 
glands, 40.7% of the carcinomas contained 
calcospherites, and only 2.4% of benign 
glands possessed similar bodies. The addi- 
tion of the present series statistically 
strengthens the diagnostic significance of 
the presence of calcospherites. 

The possibility that other papilliferous 
epithelial neoplasms might also show numer- 
ous calcospherites was investigated. We ex- 
amined 100 consecutive renal-cell carcinomas 
from the surgical files of the University 
of Michigan Department of Pathology; 
psammoma bodies were found in 4 of 100 
cases (4%). Abrams and Tiziani,!® in a 
study of ovarian cystadenomas and carci- 
nomas, found a 16% incidence of calco- 
spherites. Sommers and Meissner’ found 
no focal calcification or psammoma bodies 
in 142 necropsies in cases of carcinoma of 
the pancreas. 

Cameron *! observed microliths in neo- 
plasms of pulmonary and _ gastrointestinal 
origin; the incidence was low considering 
the higher frequency of these neoplasms as 
compared with thyroid carcinomas. In 
bronchiolar-cell carcinoma of the lung, Smith 
and associates ** found psammoma bodies in 
alveoli surrounded by tumor cells in 9 of 
20 cases. 

Do these peculiar bodies occur in normal 
tissues? Plaut and Galenson,”* in studying 
concretions of the anterior pituitary, men- 
tioned that they had never seen concretions 
in the thyroid glands of fetuses or new- 
borns, and even in adults they were seldom 
encountered. They recorded a psammoma 
body found in an otherwise normal renal 
cortex of a 5-year-old patient. 

The uncommon occurrence of calcosphe- 
rites in the non-cancer-bearing thyroid gland 
was reported by Klinck,* Crile and Fisher,‘ 
and Winship and Chase.'* Naylor,** in a 
survey of 300 thyroid glands from patients 
with lymphomas, found no calcospherites. 
These negative findings in noncancerous 
thyroid glands are further supported by 
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Spatz,2> who found no psammoma bodies in 
a study of 120 thyroid glands from the 
maternal tissue registry. Hazard and Kauf- 
man *® reported no calcospherites in thyroid 
glands from 408 necropsies. There was no 
reference to calcospherites in the necropsy 
series by Hellwig.?* 

Inasmuch as calcospherites predominantly 
occur in malignant neoplasms, in particular 
in thyroid carcinomas, the questions arise: 
What are these bodies? Do they have prog- 
nostic significance? To the latter question, 
the answer apparently is “no.” 7° However, 
the nature of these bodies is related to the 
more complex forms of pathologic calcifica- 
tion. The microliths, because of their lamel- 
lated separable from the 
calcific deposits that may be defined as 
granular or “dystrophic,” and this granular 
type of calcification is frequently found in 
the thyroid gland. In this instance calcifi- 
cation is a postnecrotic phenomenon. In the 


character, are 


formation of the calcospherite, however, 
this sequence is not a constant one, and 
frequently, at least morphologically, asso- 
ciated necrosis is the exception. 

The calcific bodies 
for the most part in 


appear to be formed 
an intercellular posi- 
tion, gradually increasing in size by the ad- 
dition of successive layers of lime salts. In 
some instances they appear to be formed 
in inspissated colloid, but just as frequently 
they occur in the absence of colloid. They 
are not limited to areas containing epithelial 
cells, but occur with almost equal regularity 
in dense collagenous stroma. The presence 
of traces of iron in the bodies is not helpful, 
since it is known that iron is usually present 
in calcific deposits. A periodic acid-Schiff- 
positive matrix or nidus found after decal- 
cification suggests origin from colloid but 
does not necessarily prove it. 

Throughout the studies, we noted focal 
calcification of macrophages containing lipid 
and hemosiderin; this suggested that these 
macrophages might be the nidus for con- 
centric lamellation of minerals. Macro- 
phages were abundant in the papillary 


neoplasms studied, and also were reported 
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by Klinck.'? However, macrophages are also 
numerous in benign processes in the thyroid 
gland, although few psammoma bodies are 
found. 

The absence of an inflammatory reaction 
about the calcospherites places the origin 
from extruded colloid in a somewhat doubt- 
ful category.**.*° 

Dargent and Guinet *! believed that the 
bodies arose as an edematous bleb in epithe- 
lial cells which projected into the lumen of 
the follicle and ultimately ruptured. The 
epithelial covering was lost, and calcium 
was deposited in successive layers, leading 
eventually to a “calcospherite.”” Ross and 
associates,** in describing similar concre- 
tions in adrenal glands of animals, con- 
cluded that 
between cells. 


calcospherites were formed 

Regardless of their origin, descriptions of 
the microliths have been essentially the same 
—round, usually laminated, somewhat con- 
centric bodies, varying in diameter from 
10u to 100u, and usually easily distinguish- 
able from other foci of dystrophic calcifica- 
tion. 

Although calcospherites occur predomi- 
nantly in papillary tumors, they may be 
found in all types of epithelial neoplasms 
of the thyroid gland, albeit approximately 
twice as frequently in papillary carcinomas. 
They are not limited to the thyroid gland, 
but are present in regional lymph nodes 
bearing metastases, and in several instances 
only a solitary calcospherite was present 
without a metastatic epithelial component in 
the same plane of section. Since we found 
no relationship between necrosis and the 
presence of calcospherites, the latter are not 
thought to be a manifestation of dystrophic 
calcification, 

Despite the limited knowledge concerning 
their origin and nature, the psammoma 
body (microlith, calcospherite, or corpus cal- 
cificans) should be included as an aid in the 
diagnosis of thyroid carcinoma, particularly 
of the papillary type. Of course, one can 
find refuge in assuming that there is no 
benign papillary neoplasm of the thyroid 


Vol. 69, May, 1960 


E 
a 
‘= 
28 
a 


gland ( Willis or consider Dunhill’s *4 
work, in which, in a large series of 1,044 
thyroidectomies, he found only 2 cases of 
simple papillary adenoma, 1 of which he 
concluded might be malignant. 

It is appropriate, therefore, to insert 
Graham’s words of caution: 
Many pathologists appear to have been so in- 
trigued by the term “papillary carcinoma” that 
they seem unwilling to admit that there may be 
such a thing as a benign papilloma of the thyroid, 
that papilliferous or papillomatous changes do oc- 
cur frequently in benign adenomata and that sim- 
ilar intra-acinar or intra-cystic changes do occur 
in otherwise non-tumorous glands, 


Summary 


In a study of 819 surgically removed thy- 
roid glands, caleospherites were found in 
94, or 11.4%. 

Carcinomas comprised 207 cases in this 
study, and calcospherites were present in 
84 cases, or 40.5%. This incidence is in 
sharp contrast to an occurrence of calco- 
spherites in benign conditions of the thyroid 
gland of only 1.6%. Although one-half of 
the papillary neoplasms in this series pos- 
sessed these characteristic bodies, they can 
occur in any type of carcinoma of the thy- 
roid gland. Calcospherites in thyroid car- 
cinoma may serve as a diagnostic, but not 
a prognostic, aid, and as such should be 
added to the various diagnostic criteria em- 
ployed in the diagnosis of thyroid carci- 
noma. 


Department of Pathology, Medical Science 
Building, 1335 E. Catherine St. 
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Protection Against Acceleration by Immersion 


During Hypothermic Suspended Animation 


B. BLACK-SCHAFFER, M.D., and G. T. HENSLEY, M.D., Cincinnati 


The exploration of outer space will re- 
quire the transit of vast distances over 
periods of time equivalent to geologic eras. 
This is well beyond the physiologic capa- 
bilities of man. A possibility, however, of 
circumventing the space-time obstacle exists : 
It is found in Einstein’s interpretations of 
the Lorentz-FitzGerald equations, which, 
considering the speed of light as the limit, 
state that, with increasing uniform velocity, 
time slows (dilates), relative to an observer 
on earth. This property of uniform velocity 
begins to assume significance for space 
travel at a speed approximating that of light 
itself.1° With this “relative” clock measur- 
ing the passage of time, man could attempt 
the exploration of outer space if a means 
could be found of protecting him against the 
great forces generated in the short time 
during which such velocities should be at- 
tained. This paper describes a step toward 
such a solution. 

Nature has provided the design of an 
ideal space capsule: the amniotic sac and its 
fluid. This statement is justified by the fact 
that the net force (f) created by accelera- 
tion (a) upon a submerged homogeneous 
object of volume V’ is modified in accord- 
ance with the formula: 

f=V(8:—8:)a*’ (a) 
where 8, and 8, are the specific gravities, 
respectively, of the submerged object and 
of the displaced fluid. If 8, =8,, then f=0. 
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When the hydrostatic pressure generated 
does not significantly distort the object, 
acceleration, regardless of its magnitude or 
duration, should be without effect. If, how- 
ever, the submerged body is markedly 
heterogeneous in respect to specific gravity, 
as are mammals, there is a practical limit 
beyond which acceleration will cause injury, 
since f #0. As will be shown, such 
stresses lie beyond those encountered by 
submersed, hypothermic 8-12-day-old mice, 
subjected for 15 minutes to a constant 
rotary acceleration which would result in a 


hypothetical terminal rectilinear velocity* 
7.8% that of light. 


The principle of protecting animals and 
man against acceleration by immersion is 
not new. Morris, Beischer, and Zarrielo ® 
reviewed the various attempts and proposals. 
Since the advent of the space rocket, Mar- 
garia, Gualtierotti, and Spinelli ® have dem- 
onstrated the protection afforded to fish, 
frogs, and rats by immersion in water. They 
found that, without support, 100 G applied 


*The force generated by the motion of a 
centrifuge and acting upon the spinning object is 
usually expressed in units of G (gravity). The 
number of G is determined by 


where r is the radius of spin, m is the number of 
revolutions per second, and 980 the gravitational 
constant. This last is defined as the rectilinear 
acceleration achieved in one second by a body in 
free fall in vacuum, starting at rest. 

Angular acceleration, aw, is derived from w= 


where v is the velocity of the body in the centri- 
fuge and r the radius of spin. The rectilinear 
terminal-velocity equivalent of a given value for 
dw is calculated from vr=at, where vr is the 
terminal rectilinear velocity produced by accelera- 
tion a=aw acting over ¢t number of seconds. 
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to rats for 14usec. was fatal; immersed, the 
end-point was about 1,200 G. Decelerating 
an immersed pregnant rat at 10,000 G, they 
demonstrated survival of its fetuses, al- 
though the mother was instantly killed. The 
authors concluded that “rat foetuses, hav- 
ing no air in their lungs, can survive im- 
pacts corresponding to accelerations higher 
than 10,000 G when the mother is floating 
in water.®”’ 

An initial experiment, applying up to 
14 G on totally immersed men, has recently 
been reported.® 

Morris, Beischer, and Zarriello,* stimu- 
lated by the work of Margaria et al.,°" 
subjected 12 to 20 gm. mice enclosed in 
latex tubes containing some air to a rotary 
acceleration of 1,300 G. They discovered 
that, immersed or not, maximum survival 


was 30 seconds. Not reckoned was the 


time necessary to achieve 1,300 G and de- 


which consumed about three 
minutes. When the air was displaced by 
oxygen, immersed survival rose to a maxi- 
mum of 90 seconds, while that for the non- 
immersed animals was raised to 60 seconds. 
“at such 


celeration, 


It seemed to the investigators that 
great G forces, oxygen is of more impor- 
tance than When the animal 
is breathing oxygen, however, submersion 
offers further protection.” 


submersion. 


Both Margaria and Morris and_ their 
associates used water for their immersions. 
Since a large amount of air is trapped in 
fur, it can be shown from the difference 
in the specific gravities of the mice and 
water that Morris et al. were exposing their 
animals to an effective force of approxi- 
mately 65 G+ (for a mouse of 13.7 gm.). 
period of 90 seconds, is not 
lethal.t The period of apnea, 3.5 to 4.5 
minutes,'® is, however, in the lethal range 
for normal mice. Unfortunately, this nulli- 


This, over a 


+It was found that a 13.7 gm. mouse whose fur 
was freed of air remained suspended in a 7% 
solution of NaCl at about 20 C. 

tWe have centrifuged unsupported mice of 
about 11-12 gm. at approximately 100 G for 90 
seconds with survival. 
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fied the possibility of demonstrating a more 
significant anti-G effect of immersion, 

It is apparent that some means must be 
employed for separating the effects of the 
mechanical stress of G from the eventual 
anoxia associated with the immersion, and 
the splinting effects upon the thorax of the 
G and the hydrostatic pressure. To achieve 
this, use was made of the well-established 
ability of the infant mouse to survive im- 
mersion in ice water for periods up to one 
hour. During this time there is cessation of 
respiration, heart beat, and metabolism—in 
effect, hypothermic suspended animation.!!!” 


Methods and Results 


The mice, chosen for size, were from a random- 
bred strain of white Swiss mice. They weighed 
from 2.7 to 4.8 gm. and varied in age from 8 to 
12 days. The smallest was free of grossly visible 
hair, and the largest was covered with a fine, short 
fuzz. 

To relate viability to duration of hypothermic 
suspended animation, the following experiment was 
performed: Mice were placed in finger cots, which 
were immersed in ice water until all visible mo- 
tion ceased. This took about five to eight minutes. 
The cots were then filled with isotonic NaCl so- 
lution (4 C) and tied off. The enclosed immersed 
mice were placed in a beaker of ice water and 
kept in a refrigerator at 4 C. The animals were 
removed, usually in pairs, at 15-minute intervals, 
as indicated in the Table. Reanimation was 100% 
at the end of 15 minutes and 0.0% at 60 minutes. 
Intermediate survival rates were found between 
these extremes. 

As a preliminary, the tolerance of infant mice 
to G stress was determined by centrifuging § un- 
supported, cooled mice (4-8 C), in pairs, for 5 
10, and 15 minutes. Thirteen pairs of mice were 


§ International Refrigerated Centrifuge, Model 
PR 2, was used throughout the experiment. 


Declining Ability of Infant Mice to Survive 
Increasing Periods of Immersion in Ice 
Water or Isotomc Saline at 4 C 


Duration of No. No. 
Immersion, Min. Revived Died Totals 
15 
30 
45 
60 


Totals 
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HYPOTHERMIC UNSUPPORTED MICE 


|@ Died 


154 688 33 
5- 83 8 


© Survived 


HYPOTHERMIC 
IMMERSED MICE 

Fig. 1.— The natural 
high tolerance to G stress 
of 8- 12-day-old mice is il- 
lustrated on the left. With 
increasing prolongation of 
the spin, tolerance de- 
creases. The magnitude of 


g° 


s immersion protection 


(right) is circumscribed 


by the limits of the re- 
8B frigerated centrifuge. All 
of the animals were spun 
at the maximum speed of 


subjected to stress varying from 53 to 236 G. 
Prior to centrifugation they were inserted into 
individual finger cots and immersed in ice water 
for six to eight minutes. A 
companied each of these pairs through all pro- 
cedures except the centrifugation. The control was 
placed in a cooled beaker at the bottom of the 
centrifuge and was removed for reanimation after 
the experimental pair, thus being exposed to a 
longer cooling and apneic period. If the control 
mouse survived the hypothermia (only 1 of 19 
died), then death of one or both of the spun mice 


control mouse ac- 


was attributed to the G stress. A spin was con- 
sidered fatal if the mouse did not respond to body 
warming, or if, after responding, it died within 
two hours, the minimum period of observation. 

The resistance to G stress of unsupported hypo- 
thermic mice is compared with that of immersed 
hypothermic mice in Figure 1. Survival of the 
unsupported mice was inversely related to duration 
and intensity of stress. The mice died after 5 
minutes of 150 G, 10 minutes of 135 G, and 15 
minutes of 90 G. In contrast, the immersed mice 
survived. 

The conditions of immersion were varied with 
the duration of centrifugation. In the first experi- 
ment three mice, weighing respectively 3.7, 3.8, 
and 4.2 gm., were individually dry-cooled, the air 
in the finger cots being displaced by oxygen, When 
inanimate, they were transferred from the finger 
cots to centrifuge buckets filled with 5% NaCl 
brine, a solution which had been found to have 
approximately the same specific gravity as the 
mice. They were thereupon centrifuged for five 
minutes at the maximum speed of the machine, 
3,500 rpm. The estimated radius of rotation was 
15 cm. All responded to rewarming, and when 
given to a foster mother, suckled and grew nor- 
mally. These three were protected against five 
minutes of 2,000 G. In contrast, unsupported mice 
exposed for five minutes to 154 G died. This 
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interval, for both groups, does not include the 
time consumed in reaching maximum velocity and 
deceleration, which, in the light of further ex- 
perience, may be neglected. 

In the second experiment, three immersed mice 
were spun for 10 minutes. Because the 5% brine 
was irritating to the hands and in view of the 
infant mouse’s delicate skin, as well as the ap- 
pearance of foam at the nostrils of the revived 
five-minute mice, the finger cots were filled with 
precooled isotonic saline solution. These were tied 
off; the free rubber was trimmed away, and cot 
with mouse immersed in a NaCl solution adjusted 
to suspend the “amnion.” (This term is used be- 
cause of the appearance of the “inanimate” mouse 
floating in its transparent envelope.) Thus en- 
capsulated, two mice, of 3.7 and 3.6 gm. each, 
were spun at 3,500 rpm. Upon delivery from their 
“amnions,” they responded promptly and com- 
pletely to rewarming and have thrived. They were 
protected for 10 minutes against 2,000 G. The 
strain upon the mice must have been reduced by 
the immersion to less than the stress of 136 G 
to permit survival (Fig. 1), a 15-fold protection 
whose maximum could not be determined because 
of the limitations of our centrifuge. 

Since preparation of the mice consumed from 
8 to 10 minutes, and starting and stopping of the 
centrifuge added another 3 minutes, a 15-minute 
centrifuge run required about 26 to 28 minutes 
from the initial cooling immersion to removal from 
the centrifuge. A 30-minute run extended this 
period to 40 minutes. With experience this was 
reduced; however, it was decided to make the 
15-minute run the maximum, since the longer 
period of hypothermia killed mice. 

Seven mice were encapsulated and prepared as 
in the preceding experiment and spun for 15 min- 
utes. One after the other dead mice, with little 
external evidence of injury except for moderate 
hemorrhagic suffusions about the snout, were ex- 


33/501 


k 
| 

50 100 150 200 250 

2 

Ca 

® 

7 

4 

{ 

= 

¥ 

; 
> 


Fig. 2—The virtually complete pulmonary atelec- 
tasis illustrates the effect of hydrostatic pressure 
upon the thorax and lungs of the immersed mouse. 


tracted from their amnions. One, upon rewarming, 
gasped a few times, but circulation was not re- 
stored, and it died. Eleven more mice were there- 
upon centrifuged without latex capsules in 5% 
NaCl solution. These revealed no external evidence 
of injury. The best result was obtained with a 
4.4 gm. animal spun at 2,000 G; this mouse revived 
and survived for about one-half hour, with poor 
respirations and circulation. In all, 18 consecutive 
unsuccessful attempts were carried out. The last 
four animals that died were autopsied, and in 
three cases the lungs were found to be uniformly 
atelectatic. The fourth, the half-hour survivor 
described above, showed mottled lungs, due to 
widely disseminated focal atelectasis. No gross 
lesions were found in the other organs or brains. 

Histologic examination of the tissues of 
the four mice confirmed the presence of 
atelectasis (Fig. 2) and revealed an occa- 
sional pulmonary hemorrhage (Fig. 3). In 
no case were these large enough to have 


Fig. 3—The intra-alveolar pulmonary hemor- 
rhage is characteristic of the small focal hemor- 
rhages seen in some of the nonsurvivors. 
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caused perceptible sequelae. In addition, 
some focal emphysema (Fig. 4) was noted 
to alternate with the atelectasis in all of the 
lungs. 

Because of these results, it was specu- 
lated that the hydrostatic pressure trans- 
mitted to the heart or respiratory muscles 
or both might be the cause of the failure 
to survive. Immersed free in the centrifuge 
bucket or enclosed in the latex “amnion,” 
the mice were subjected to the full pressure 
generated by the angular acceleration. Since 
they were suspended in NaCl solution at a 
radius of 15 cm. (it is assumed that the 
midpoint, a depth of 5 cm., best approxi- 
mates their position) the hydrostatic pres- 
sure would be around 10 kg/sq. cm. (140 


Fig. 4.—The focal acute emphysema superim- 
posed upon atelectasis, presumably due to the 
inability of some of the animals to reexpand their 
lungs is illustrated by a mouse which survived for 
one-half hour after 15 minutes of 2,600 G. Deep, 
gasping respirations characterized the entire post- 
centrifugation period. 


Ib. sq. in. 9.6 atm.). It had been determined 
(Fig. 1) that 10 minutes of this pressure 
at 4-8 C could be tolerated by the mice. 
Whether 15 minutes was as harmless was 
not known. It was decided, therefore, to 
eliminate most of it by enclosing the ani- 
mals in a rigid plastic capsule that would 
diminish the hydrostatic pressure to that 
exerted by the water within the capsule, a 
column of not more than 0.5 cm. height. 
The hydrostatic pressure under these cir- 
cumstances is 1.3 kg/sq. cm. Accordingly, 
two mice, of 3.3 and 3.7 gm. each, were 
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spun in a small plastic barrel || filled with 
5% NaCl solution at 3,500 rpm for 15 min- 
utes, at a radius of 18.6 cm. This is equiva- 
lent to 2,600 G (Fig. 1). Both animals 
revived promptly and are thriving. These 
two animals tolerated a G load about 29 
times the lethal level (Fig. 1). 

Equally good results should be expected 
from centrifugation in brine at a depth 
just sufficient to cover the mouse. This was 
done with a 3.6 gm. animal. It was spun 
for 15 minutes, at a radius of 19.5 cm., 
resulting in a force of 2,700 G (Fig. 1). 
The animal was revived with ease and has 
survived, 


Comment 


Hydrostatic pressure in the absence of 
circulation serves as an ideal G suit, since 
the only pressure produced in the cardio- 
vascular system is that generated by the 
acceleration. As this is likewise the con- 
trolling factor in the level of the environ- 
mental hydrostatic pressure, no significant 
load is placed upon the circulatory system 
when the mouse is accelerated. This is con- 
firmed by the rapid and effective resumption 
of cardiovascular function upon rewarming 
and the absence of any recognizable lesions, 
aside from an occasional petechial hemor- 
rhage in the lungs of two of four autopsied 
mice and focal emphysema in all. 

The rapid deceleration of the mice, in 
about two minutes, reduced the hydrostatic 
pressure from 10 kg/sq. cm. to 5 gm/sq. cm. 
This is identical with surfacing from a 
depth of 325 ft. of water. The blood plasma 
and tissue fluids of a diver at this level 
would contain considerably larger amounts 
of air than normal, owing to the increased 
air pressure applied to the respiratory tract 
in countering hydrostatic pressure. Such 
rapid deceleration would produce fatal 
“caisson disease.” In contrast, the blood 
plasma and tissue fluids of the mouse could 
contain no more air than was present in the 
lungs when centrifugation was begun. This 


|| Kitty-in-the-Kegs, Child Guidance Toys, Archer 
Plastics Co., New York. 
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proved to be insignificant, as evidenced by 
the absence of appropriate lesions. Since 
the gaseous phase of the compression was 
not harmful, it may be ignored for the 
purpose of further discussion. 

Little is known of the effects of hydro- 
static pressure upon mammals, Cattell 
stated the reason: “Experiments in the in- 
fluence of hydrostatic pressure on mammals 
are, of course, not possible on account of 
the necessary pressure of a gaseous phase.” 
The biologic effect of pressure on a number 
of nonmammals has been studied.’*!° They 
are related to changes of molecular shape, 
elongated=—globular—with alterations in 
gel-sol equilibria; rearrangement of molec- 
ular surface groups, causing changes in 
bonding ability, solubility, and electrostric- 
tion phenomena; denaturation of proteins; 
inactivation of enzymes, etc. Reflecting a 
variety of these alterations, acting alone 
or together, are highly significant changes 
of protoplasmic viscosity. 

The temperature at which a given pres- 
sure acts may be extremely important.'*!* 
Landau and Marsland?® observed the ef- 
fects of pressure-temperature relationships 
on the cardic rate of tissue explants of tad- 
pole heart. They noted that, at atmospheric 
pressure with falling temperature, the rate 
declined exponentially between 12 and 5 C. 
When 4,000 Ib. sq. in. (ca. 281 kg/sq. cm.) 
was applied over the same temperature 
range, it increased the rate retardation 
effect. Johnson, Eyring, and Polissar 
generalized that the greater the difference 
between physiologic and experimental tem- 
perature of a tissue the greater the effect 
of a given pressure. Since mammalian tis- 
sues function normally at 37 to 38 C and 
hypothermic suspended animation requires 
temperatures below 10 C, it is readily ap- 
preciated that the effects of small pressures 
may be significantly amplified. The mech- 
anism whereby 10 kg/sq. cm. pressure act- 
ing upon hypothermic mice for 15 minutes 
causes their death has yet to be elucidated. 

In the experiments the heterogeneity of 
the tissue densities (bone, specific gravity 
3.00; aerated lung, 0.45; the solid organs 
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and tissues in general, about 1.05 *) caused 
no lesions. Hydrostatic pressure quickly 
collapsed the flexible infantile thorax, and 
the lungs became almost completely atelec- 
tatic (Fig. 2). The density approached 
(but probably never reached) that of the 
solid tissues; thus little or no injury was 
sustained. 

It is not known what force would cause 
infant mouse bone to slip its muscle and 
ligament attachments and migrate in accord- 
ance with its flotation value. Since bones 
are immersed in soft tissues, the acceler- 
ative forces are acting against their weight 
minus that of the soft-tissue volume they 
displace times the soft-tissue specific grav- 
ity; therefore, by formula (a), the force 
tending to displace the bone is reduced by 
about 64%. 


Considering the above, and the great 


adhesiveness between bone and its encom- 
passing soft tissues, it would not be sur- 
prising if immersion could protect against 
15 minutes of a multiple of 2,700 G. 


Concerning the time dilation effect of 
constant velocity, the mouse protected 
against 2,700 G for 15 minutes was buf- 
fered against a force (aw=26.1 km/sec?), 
which, if equated with rectilinear accelera- 
tion, would have given it a_ terminal 
straight-line velocity of 23,500 km/sec. 
(14,500 miles/sec). This, according to the 
Lorentz-FitzGerald formula, 

r=t (b) 
where ¢ is the dilated time; t, geodesic time ; 
v, the mouse’s hypothetical velocity, and c, 
the speed of light, would have resulted in 
a slowing of his time relative to that of 
earth by 1%. 

All of the mice spun at or above 2,000 G 
showed disturbances of equilibrium. They 
fell toward one side, had difficulty in right- 
ing themselves, and, when they walked, de- 
scribed circular pathways. 

The mice described in the above experi- 
ments, when observed for several weeks, 
showed restoration of their equilibrium 


36/504 


A.M.A. ARCHIVES OF PATHOLOGY 


after opening of their eyes. These and 
other appropriate data will be the subject 
of a separate report. 


Summary and Conclusion 


When baby mice 8-12 days old in hypo- 
thermic suspended animation are centri- 
fuged, the mechanical effects of acceleration 
upon the tissues are readily separated from 
the effects upon function, such as respira- 
tion, cardiovascular dynamics, and metabo- 
lism. Under these circumstances the highly 
effective protection against acceleration by 
immersion, to the limits of our apparatus 
(ca. 2,700 G), is readily demonstrated. 

Immersion during acceleration introduces 
a new mechanical factor, hydrostatic pres- 
sure, Temperature changes may under given 
conditions reinforce or reduce the physio- 
logic effects of pressure. Under the condi- 
tions of this experiment, a pressure up to 
10 minutes of approximately 10 kg/sq. cm. 
at 4 to 8 C is successfully tolerated. When 
this is prolonged for 15 or more minutes, 
it is lethal. 

It is shown that, when immersed, the 
mice can be protected against an acceler- 
ative stress, which, when translated into 
rectilinear velocity, would, at the end of 15 
minutes impart a constant speed of about 
23,500 km. per second (14,500 miles/sec. ). 
At such constant velocity a relativistic time 
dilation of 1% would occur. 


Department of Pathology, Cincinnati General 


Hospital (29). 
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Liposarcoma Developing in a Lipoma 


CALVIN C. SAMPSON, M.D.; EDWARD H. SAUNDERS, M.D.; WILLIAM E. GREEN, M.D., and 


JAMES R. LAUREY, M.D., Washington, D.C. 


Primary liposarcomas are rare in the 
subcutaneous tissue and practically never 
originate in simple lipomas. In fact, we 
found only two such cases reported in 
the English literature. Stout,* in 1944, re- 
ported among several cases of liposarcomas 
only one arising in a lipoma which was re- 
troperitoneal in location (Case 21). Wright,’ 
in 1948, reported a case of a liposarcoma 
arising in a subcutaneous lipoma and re- 
viewed the literature from 1881. He ac- 
cepted Stout’s Case 21 and excluded all 
other previously reported cases, mainly on 
the basis of poor documentation and in- 
conclusive histologic evidence. In 1952, 
Sternberg,* reported a case similar to 
Wright’s and stated that Stout, after re- 
viewing his Case 21, was no longer con- 
vinced that it represented this entity. Stout ° 
maintained that most liposarcomas probably 
arise de novo, and not from preexisting 
lipomas or following trauma. 


We believe that the following case may 
represent the third authentic report of this 
rare entity. 


Report of a Case 


The patient, a 79-year-old Negro woman, was 
admitted to Freedmen’s Hospital on Oct. 29, 1958, 
for the removal of a right scapular mass that had 
been present for eight years. Two years before 
admission she had noticed a gradual increase in 
its size. Shortly before admission she complained 
of paresthesias over the mass. She denied previous 
trauma. 

Physical examination revealed an asthenic, but 
otherwise healthy-appearing elderly woman with a 
firm, nontender, freely movable mass, measuring 
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10.5X7X5 cm., located subcutaneously just above 
the right scapula. There were no ulcerations, cu- 
taneous infiltrations, or enlarged regional lymph 
nodes. The remainder of the examination, including 
chest x-rays, routine hematology, and urinalysis, 
was within normal limits. The preoperative diag- 
nosis was simple lipoma, and on Oct. 30 the mass 
was removed under local anesthesia. The mass 
was well circumscribed, confined to the subcutane- 
ous tissue, and not adherent to the skin or underly- 
ing fascia. It was removed intact and was thought 
to be a simple lipoma. Her postoperative course 
was uneventful, and she was discharged on Nov. 
3, 1958, for follow-up by her private physician. 
Because of the histological findings, to be given 
below, a total of 11,000 r was given locally over 
a period of seven weeks. To date, nine and one- 
half months postoperatively, there has been no 
evidence of local recurrence or metastasis. 


Pathologic Findings 


Gross Examination 

The specimen, received in formalin, consisted of 
a firm, encapsulated, somewhat lobulated, ovoid 
mass of yellow adipose tissue, which measured 
10X85 cm. It was completely confined to the 
subcutaneous tissue. The upper surface was covered 
by an ellipse of skin, which measured 13.5X3X0.5 
cm., while the undersurface was flattened and 
showed areas of white connective tissue (Fig. 1). 
On cut surface, the peripheral part of the tumor, 


Fig. 1—Gross specimen showing the encapsu- 
lated tumor mass covered by an ellipse of skin. 


‘ 
hz 
4 


LIPOSARCOMA IN A LIPOMA 


METRIC 2 


_ Fig. 2—Cross section of the tumor mass show- 
ing the centrally located circumscribed myxomatous 
area. 


immediately beneath the capsule, was seen to con- 
sist of lobules of fat with the appearance of a 
typical lipoma. The central part, measuring 5.5X 
54.5 cm., was different, however, being well 
circumscribed, firm, translucent, grayish-white, and 
myxomatous in appearance (Fig. 2). 

Microscopic Examination 

Representative sections were taken from 
both parts of the tumor, including sections 
through the capsule and skin. The sections 
were stained by the hematoxylin and eosin 
and periodic acid-Schiff procedures. Frozen 
sections were stained by the oil red O 
fat stain. 

The central part of the tumor had a 
varied cellular pattern and contained both 


Fig. 3.—Microscopic 
section of the central part 
of the tumor showing 
poorly differentiated fat 
cells and myxoid tissue 
containing stellate cells. 
Hematoxylin and_ eosin 
stain; reduced to 89% of 
mag. XX 430. 
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well- and poorly differentiated areas. The 
well-differentiated area showed fully de- 
veloped fat intermingled with myxoid tissue 
containing stellate lipoblasts (Fig. 3). The 
stellate or spindle lipoblasts contained tiny 
fat vacuoles in their cytoplasm, as demon- 
strated by oil red O fat stains (Fig. 4). A 
few cells resembling “‘signet-ring cells’’ were 
noted. The poorly differentiated area was 
more extensive than the well-differentiated 
area. The fat was poorly differentiated and 
was associated with myxoid areas. Present 
in this area were extremely bizarre giant 
cells, containing large, irregular, hyperchro- 
matic, and pyknotic nuclei. Many of the 
giant cells contained as many as three nuclei. 
Lipid was demonstrated in the vacuoles of 
the cytoplasm, which in some instances 
caused indentations of the nuclei. Many of 
the unicellular lipoblasts were anaplastic, and 
a few of these showed mitoses (Fig. 5). 
Scattered throughout the area were large 
lipoblasts with congeries of rounded vacuoles 
in their cytoplasm. The nuclei were mul- 
tilobulated, suggesting the appearance of 
brown fat. Notched nuclei were noted in 
many of these lipoblasts (Fig. 6). Almost 
all of the cells described appeared viable. 
There was moderate vascularity, and no 
areas of infarction or necrosis were seen. 
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Fig. 4—Microscopic 
section showing spindle or 
stellate lipoblasts. Peri- 
odic acid-Schiff stain; re- 
duced to 86% of mag. 
100. 


Only occasional cells showing karyolysis of 
the nuclei were noted. 

The malignant cells described were cir- 
cumscribed by a small, thin layer of fibrous 
connective tissue, which was infiltrated by 
a small focus of malignant cells (Fig. 7). 
The peripheral part of the tumor consisted 
of mature fat cells, having a “chicken wire” 
configuration and containing occasional 
notched nuclei. This portion was completely 
surrounded by dense fibrous connective tis- 


: z 


sue, forming a capsule. A few scattered 
malignant cells were noted invading the in- 
terstices of the lipomatous part. However, 
malignant cells were not seen in the peri- 
pheral parts of the lipomatous tumor, the 
capsule surrounding the entire tumor, or the 


skin. Vascular invasion was not seen. 
Comment 
Lipomas are common tumors usually 


found in the subcutaneous tissue, whereas 


Fig. 5. — Photomicro- 
graph showing mitosis in 


a unicellular lipoblast, 
Hematoxylin and eosin; 
me reduced to 89% of mag 
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are rare most commonly 
confined to the deep interstitial fat tissues 
of the thigh, popliteal space, gluteal region, 
and retroperitoneum. The gross findings 
of the malignant lipomatous tumors are 
characterized by unusual variations of tex- 
ture or color and the frequent occurence of 
myxomatous areas. As stated by Willis,’ 
a liposarcoma arises from lipoblasts. Histo- 
logically it usually reproduces the appearance 


of embryonal fat, either of the myxoid 


Fig. 7—Microscopic 
section showing a_ thin 
layer of fibrous connec- 
tive tissue separating the 
malignant area from the 
lipomatous area. A small 
focus of malignant cells 
is seen in the upper right 
corner. Hematoxylin and 
eosin; reduced to 82% of 
mag. X 50. 
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Fig. 6.— Photomicro- 
graph demonstrating the 
notched nucleus and_ bi- 
zarre giant cells. Hema- 
toxylin and eosin; reduced 
to 75% of mag. * 970. 


or of the brown-fat variety. Liposarcomas 
may be well- or poorly differentiated. The 
well-differentiated form may be composed 
of (a) fully developed adult fat, (6) myxoid 
tissue with stellate cells, (c) spindle or 
stellate lipoblasts containing vacuolated cy- 
toplasm, and (d) signet-ring cells. This 
form of liposarcoma usually does not metas- 
tasize but may infiltrate locally and recur 
if not adequately removed. The poorly dif- 
ferentiated type is of the myxoid variety, 
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containing poorly differentiated fat, bizarre 
giant cells, and, less commonly, rounded 
vacuolated lipoblasts of abnormal brown fat. 
This type may metastasize. 


Unna® described the peculiar notched 
nucleus in 1895, and Rabl? later stated that 
it occurred only in fat cells regardless of 
immaturity. Plaut! states that this nuclear 
characteristic may be used for differentiat- 
ing true fat from lipid-filled cells (pseudo- 
fat cells). To date this concept has not 
been contradicted. 

The case presented here is unusual but 
similar to those published by Wright and 
Sternberg, on the basis that it originated 
in a subcutaneous lipoma, obviously of long 
standing, and was surrounded by a well- 
defined fibrous capsule. The histological 
findings were also consistent with those 
described by the two named investigators. 

The three cases appear to represent a 
heretofore unrecognized entity characterized 
by the following points: (1) The peripheral 
parts of the tumors represent a simple lipo- 
matous tumor surrounded by a connective 
tissue capsule; (2) the central areas were 
liposarcomas, as evidenced by the presence 
of lipoblasts, bizarre giant cells, myxomatous 
areas, positive fat reactions, and, in our case, 
notched nuclei; (3) the malignant tumors 
showed exodic growth, as evidenced by foci 
of infiltration of malignant cells out into 
the lipomatous part; (4) the malignant cells 
were not seen in the periphery or the capsule 
of the lipomas ; (5) the sarcomas originated 
in the lipomas, as evidenced by their central 
location and the absence of further spread 
or metastases in spite of the long-standing 
history of the original tumors. 
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From this study, we feel that a careful 
pathologic examination of all lipomas is 


indicated. 


Summary 


A liposarcoma arising in a subcutaneous 
lipoma of eight years’ duration is presented. 
The sarcoma was confined to the central 
part of the lipoma. Recurrence has not 
been noted following nine and one-half 
months’ observation. Only two similar cases 
were found in the English literature. 


Department of Pathology, Freedmen’s Hospital, 
6th and Bryant Sts., N.W. (1). 


Addendum 


The patient was reexamined during the 
month of February, 1960. There was no 
evidence of local recurrence or metastases 
to regional lymph nodes. This was a total 
of 16 months after surgery. 
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As early as 1896 Podwyssozki ' described 
the process of tissue regeneration in liver, 
the histological proof of which was later 
provided by Ponfick? and by von Meister.* 
Interest in this regeneration was further 
stimulated when it was shown that the liver, 
after having been reduced to 30% of its 
former size by partial hepatectomy, could 
regain its former size in a few days, with 
reconstitution of histological structure in 
about two weeks. The most rapid segment 
of this growth took place within the first 
48 to 72 hours. The study of this regenera- 
tion interested both biochemists and histolo- 
Further, Bucher et al.'* have 
shown that when two normal animals are 
united parabiotically, the regenerating liver, 
after partial hepatectomy of one partner, 
can definitely influence the mitotic rate in 
the liver of the other. 

This study was initiated with the follow- 
ing objectives: (1) to repeat the work of 
Bucher et al.,1* and (2) to attempt to trans- 
mit the mitotic impulse to the liver of the 
nonhepatectomized parabiotic partner, which 
was previously treated with carbon tetra- 
chloride so as to induce liver damage. 


Materials and Methods 


White Wistar rats, all females weighing 120 
to 150 gm., from an inbred strain of our own 
stock, were used for these experiments. For para- 
biosis only litter mates were paired. 

Liver Damage.—Owing to the wealth of ma- 
terial and reference standards, it was found very 
convenient to use carbon tetrachloride as a hepato- 
toxic substance. In preliminary experiments it was 
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Effect of Partial Hepatectomy on Mitosis Rate in 
CCla- Induced Liver Damage of Parabiotic Rats 


R. B. HUROWITZ, M.D., and A, STUDER, M.D., Basle, Switzerland 


established that single doses of 0.1 cc. of carbon 
tetrachloride, diluted in 0.4 cc. of liquid petrolatum 
U.S.P. (paraffin oil), were too weak. However, 
0.125 cc. of carbon tetrachloride in 0.375 cc. of 
liquid petrolatum proved to give enough and more 
constant damage. Further experiments have shown 
that the liquid petrolatum alone, given in repeated 
doses intraperitoneally, was not capable of pro- 
ducing a mitotic impulse in the normal liver. Also, 
in the early experiments with repeated intraperi- 
toneal injections of carbon tetrachloride-liquid pe- 
trolatum mixture, no mitotic impulse in the 
damaged liver was found. 

Colchicine —The mitotic activity was measured 
by means of the Dustin” reaction, which had 
proved to be reliable also in Studer’s” experi- 
ments. Because of the toxicity of colchicine and 
because the animals were weakened by the pro- 
cedure, some rats died before termination of the 
experiment. In our results, however, only animals 
were considered that lived at least six hours after 
the injection of colchicine. They were killed at 
nine and one-half hours after the injection. 

Parabiosts.—The procedure carried out here was 
a slight modification of the method of Bunster and 
Meyer.” This method was chosen over that used 
by Sauerbruch and Heyde™ (originally from 
Bert) because the latter, the “open celiac-anasto- 
mosis” method, involves the possibility of hernia- 
tion and intestinal strangulation. 

We then had a physiological unit consisting of 
two animals with one blood supply. The choice of 
animals was based on the work of Bickel and 
Holm-Jensen,” Van Dyke et al.” and Huff et 
al..™ who showed that animals from the same lit- 
ter established the best “crossed” circulation. Van 
Dyke et al. demonstrated that the establishment 
of this blood supply takes only three to four days. 
However, since in our experiments both animals 
were not “normal” at the time of operation and 
since another operative procedu-s was to be per- 
formed, we allowed 10 days for the completion of 
the “cross” circulation. 

Hepatectomy.—We used the method as described 
by Ingle,” with slight modifications. 

Histological Preparation and Methods of Count- 
ing the Mitoses—On completion of the experiment 
the animals were killed by ether narcosis. Speci- 
mens from one, usually two, sites in the liver were 
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taken for histological examination and placed in 
Bouin’s solution and formalin, respectively; 74 
sections were cut and stained in the usual way with 
hematoxylin and eosin. The counts were made as 
follows: Magnified X 150 (ocular 6 X; objective 
20 &; and tube 1.25), the mitoses in 30 neigh- 
boring microscopic fields were counted in each of 
the two specimens. The average of the 60 fields 
(in Group C only 30 fields) represented the mitotic 
rate of that liver. The decision as to whether a 
cell was in active mitosis or not depended on the 
characteristic arrangement of the chromatin and 
the enlargement of the cell with a homogeneous 
lightening of the stain of the cytoplasm. 


Experiments and Results 


Group A.—Thirteen pairs of animals 
(litter mates) were united parabiotically, 
and 10 days later one partner was partially 
hepatectomized. Forty hours later colchicine 
(lug. per gram of body weight) was in- 
jected intraperitoneally. Five pairs, which 
lived only four to five and one-half hours 
after this injection, were not included in the 
final results. The average mitotic rates 
(from 30 neighboring fields at X 150) for 
each of the eight animals with normal livers, 
which were killed eight to nine and one-half 
hours after the colchicine injections, are 
given in the Table. They show that in every 
case there is a large increase in mitosis in 
the partially hepatectomized liver. 

The nonhepatectomized partners, how- 
ever, reacted differently: In Rats 1, 4, and 
5 the increase in mitosis is evident. In Rats 
7 and 8, we have tried to show statistically 
whether or not there exists the possibility 
of a mitotic impulse. In Rats 2, 3, and 6 
a mitotic impulse was not demonstrable. 

Group B.—Twenty pairs of animals were 
included in the experiments. One member 
of each pair received an intraperitoneal in- 
jection of a mixture of 0.125 cc. of carbon 
tetrachloride and 0.375 cc. of liquid petro- 
latum three times each week, until a total 
of 10 such injections were given. Three 
days after the last injection the animals 
were united parabiotically. Ten days after 
this operation the animal that had not re- 
ceived the carbon tetrachloride was partially 
hepatectomized; 40 hours later each animal 
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was given an injection of colchicine (lg. 
per gram of body weight) intraperitoneally. 
In this series all the animals survived the 
six-hour limit, and those still alive after 
nine hours were killed. However, two pairs 
could not be considered in the final results. 
In one pair the mitosis could not be at- 
tributed with certainty to the liver cells, and 
in the other the partially hepatectomized 
partner presented an unusual picture, in 
that the mitotic rate was only about one- 
fortieth to one-tenth that of the other ani- 
mals of the series. 


Of the 18 pairs which thus remained of 
Group B (Table), the partially hepatec- 
tomized animals showed the usual increase 
in mitosis. Of the animals that received 
carbon tetrachloride in the preliminary treat- 
ment, we found an increase in mitosis in 
Rats 1, 12, and 13. The degree of carbon- 
tetrachloride-induced liver damage in these 
ranged from + to +++, using the desig- 
nation of 0 to +++ to grade the liver 
damage, as estimated by histological exam- 
ination. 

The liver damage, in the stages examined 
here, consisted of an increase in connective 
tissue and a disappearance of central lobular 
parenchymal cells. 

Control Group C.—This group consisted 
of six pairs; one partner of each pair re- 
ceived the 10 intraperitoneal injections of 
carbon tetrachloride in liquid petrolatum, as 
described for Group B. Three days after the 
last injection the animals were united para- 
biotically, and twelve days later, nine and 
one-half hours after intraperitoneal injec- 
tion of colchicine (l»g. per gram of body 
weight), the animals were killed. : 

In the partners with tetrachloride-induced 
liver damage there was no demonstrable 
increase in mitosis. Again, the degree of 
liver damage ranged from + to +++, 


Comment 


The results of Bucher et al. indicate 
that an impulse which stimulates mitosis in 
liver cells can be transmitted from a partially 
hepatectomized rat to its healthy parabiotic 
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parther. A comparison of Groups A and B 
(Table) will answer the question whether 
this impulse elicited by partial hepatectomy 
can also be transmitted to a parabiotic 
partner whose liver parenchyma had been 
damaged by carbon tetrachloride. It is clear, 
as has) long been established, that in the 
partially hepatectomized liver there is an 
increase in mitosis. In order to decide 
whether the individual mitotic rates for the 
untreated partners of Group A, as compared 
with the partners of Group B, with carbon- 
tetrachloride-induced liver damage, were 
the product of our experimental methods 
or just coincidence, we subjected the data 
to statistical analysis.* From published re- 
ports *4 of other investigators and our own 
preliminary experiments, we know that 
mitosis in the liver of the white rat is very 
infrequent. This is shown again in Group 
C, which is, however, too small for statisti- 
cal considerations. Brues and Marble ** 
found that the mitosis in different equal- 
sized microscopic fields from the same rat 
followed the Poisson distribution. 

If we were to assume that the number 
of mitoses in different pairs of animals 
follow the Poisson distribution, then the 
larger mitotic counts (for example, greater 
than nine) would be very infrequent. The 
possibility of a mitotic count equal to, or 
larger than, 10 would, using the example 
of Brues and Marble, appear in 1 out of 
10® chances. This means that by counting 
the mitoses in 1,000,000 microscopic fields 
one would find, on the average, only one 
field with 10 or more mitoses. 

Examining our results in Groups A and 
B, three of the eight undamaged partners 
of Group A showed mitotic rates of less 
than 10, and can, therefore, be considered 
normal, Consequently, 5 animals definitely 
show an incvease in mitosis. In Group B, by 
the same criteria, only 3 of the 18 partners 
with liver damage show an increase in 
mitotic rate—in other words, of the 18 part- 
ners with preliminary carbon-tetrachloride- 
induced liver damage, only 3 animals showed 


* Statistical analysis directed by Mr. G. Giietli. 
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increases in mitotic rates, as opposed to 5 
of the 8 undamaged partners of Group A. 


Testing the results with the x?-test, we 
found the difference to be significant (x?= 
5.244; P=<0.05). This significance was 
also confirmed by the more exact method of 
Fisher.” 

It was apparent from statistical calcula- 
tions that the mitotic impulse, initiated from 
the partially hepatectomized partner, re- 
sulted in a significantly more frequent in- 
crease in mitosis in the undamaged partner 
than in the partner with carbon-tetrachloride- 
induced liver damage. 

That the mitotic impulse is due to the 
partial hepatectomy and is transmitted to 
the parabiotic partner, is proved by the re- 
sults of the control group (C), in which 
there was no partial hepatectomy. From 
this group, in which there was no increase 
in mitosis, we can eliminate as possible 
causes of the impulse (1) the parabiotic 
operation and its postoperative results, (2) 
the carbon-tetrachloride-induced liver dam- 
age, and (3) colchicine. 

The fact that three of the eight undam- 
aged animals did not respond to the mitotic 
impulse may be due to individual resistance 
or lack of transmission of the mitotic im- 
pulse because of incomplete parabiotic 
union. 


Since we have established that the mitotic 
impulse is less frequently transmitted to a 
parabiotic partner with liver damage induced 
by carbon tetrachloride, it would seem 
logical to assume that the animals with the 
greatest damage from carbon tetrachloride 
which is demonstrable histologically would 
respond least to the mitotic impulse. While 
the number of animals in this study is too 
small to permit evaluation of any real cor- 
relation, it is worthy of note that in Pair 8 
(Group B) there was no mitotic increase 
in spite of the insignificant liver damage 
and in Pair 13 (Group B) there was a 
definite increase in mitosis, despite a definite 
liver damage. One can therefore assume 
that there is some “blockade” of the mitotic 
impulse that is not discernible histologically. 
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Summary 


Using paired, parabiotically united white 
rats, we compared the effects of the mitotic 
impulse, induced by partial hepatectomy, on 
the healthy partner with those on the partner 
which had previously received carbon tetra- 
chloride to induce liver damage. 

The mitotic impulse which originates 
from the partially hepatectomized partner 
generally causes an increase in mitosis of 
the liver cells in the undamaged partner 
(62% of our animals). However, in the 
partner with liver damage induced by car- 
bon tetrachloride the increase in mitosis is 
significantly less (17%). The ability of the 
damaged liver to react to the mitotic impulse 
is therefore diminished. 


Dr. A. Studer, Department of Experimental 
Medicine, F. Hoffmann-LaRoche & Co., Ltd. 
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Oncocytoma (Oxyphil-Cell Adenoma) of the 


Caruncle of the Eyelid 


THOMAS T. NOGUCHI, M.D., and EWALD R. LONSER, M.D., Los Angeles 


In 1897 Schaffer! first reported the oc- 
currence of “granular swollen cells” in the 
ducts and acini of salivary glands of the 
tongue, uvula, pharynx, and _ esophagus. 
Hamperl? gave a complete description of 
these ceils and called them “onkocytes” be- 
cause of their large size, while MecFar- 
land ** referred to them as “Hirthle cells.” 
Since these early reports several articles 
and excellent reviews** have been pub- 
lished on the origin and pathogenesis of 
these cells. Although Hamperl? states that 
the parotid gland is the commonest site, 
oncocytoma has been encountered in the 
submaxillary, sublingual, and minor sali- 
vary glands; in the thyroid, parotid, hy- 
pophysis, testis, Fallopian tube, pancreas, 
liver, and stomach, and the glands of the 
pharynx, trachea, and esophagus. 

We encountered a case of oncocytoma of 
the caruncle of the eye. A review of litera- 
ture has failed to reveal any published case 
of this lesion in this location, although cor- 
respondence *" indicates that two or three 
cases are known. 


Report of a Case 


A 63-year-old Mexican housewife came to the 
White Memorial Hospital and Clinic complaining 
of headache, poor vision in both eyes, burning 
sensation, and excessive lacrimation of the right 
eye. A small, reddish, elastic, smooth-surfaced 
growth was found extending out at the inner 
canthus of the right eye (Fig. 1). Ophthalmoscopic 
examination revealed no pathological findings. The 
right caruncle was excised completely, including 


~ Submitted for publication May 12, 1959. 

From the Department of Pathology, College of 
Medical Evangelists. 

Senior Resident in Pathology (Dr. Noguchi) ; 
Associate Professor of Pathology (Dr. Lonser). 
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Fig. 1—Oncocytoma (oxyphilic-cell adenoma) 
of right caruncle (Photo No. 38919). It is a 
small, pink, smooth-surfaced tumor, measuring 
1X0.5X0.5 cm. in size. 


the plica semilunaris, on Dec. 22, 1957. There is 
no evidence of recurrence to the present time. 


Pathological Examination —On gross inspection, 
the tissue from the right caruncle appeared as a 
triangular grayish-white, smooth-surfaced, firm 
mass, measuring 1X0.5X0.5 cm. 

Microscopic section of tissue with routine 
hematoxylin-eosin staining showed a well- 
circumscribed, rounded tumor, composed of 
large oxyphilic cells in solid masses and 
forming small acini in some areas. The 
tumor was encapsulated and divided into 
lobules (Fig. 2) by thin connective tissue 
septa, which were infiltrated with numerous 
lymphocytes (Fig. 3). The epithelial cells 
were arranged in groups to form a lobular 
or tubular pattern. The cells were mostly 
large, spherical, oval, columnar, pyramidal, 
or polyhedral, with distinct boundaries. 
Some formed cords; others, acini or tubules. 
Cytoplasm was abundant and granular, 
staining intensely with eosin. The granules 
were small and regular in size. A fine retic- 
ulated structure was made out in the cyto- 
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plasm of some cells, and the granules lay 
in the interstices. The nuclei were small, 
round, or oval, with evenly distributed, fine 
granular chromatin (Fig. 4). 


There were numerous serous secretory 
ducts surrounding these masses of cells. 
Many of the ducts were dilated and con- 
tained pink-staining amorphous material. 


Fig. 3.— Oncocytoma 
(oxyphilic-cell adenoma) 
of right caruncle (Photo 
No. 39665), showing 
groups of oxyphilic cells 
separated by delicate 
fibrous bands. The ducts 
are markedly dilated, con- 
taining pink-staining 
amorphous material. Re- 
duced to 95% of mag. 
x 100. 


Noguchi—Lonser 


Fig. 2—Oncocytoma 
(oxyphilic-cell adenoma) of 
right caruncle (entire view). 
It is well-circumscribed, 
smooth - surfaced, lobulated 
tumor mass containing tumor 
nodules and dilated ducts. 
x 14. 


The tumor cells strikingly resembled those 
of the ducts. There was no evidence of 
malignancy. 


Comment 


The exact origin of the oncocyte and 
oncocytoma is not known, but McFarland *4 
believed that these oxyphilic granular cells 
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Fig. 4.— Oncocytoma 
(oxyphilic-cell adenoma) 
of right caruncle (Photo 
No. 39717). The cells are 
large, round, oval, or 
polyhedral. The cyto- 
plasm is abundant, granu- 
lar, and stained intensively 
with eosin. The nuclei 
are small, round, or oval, 
with fine granular chrom- 
atin, evenly distributed. 
Reduced to 95% of mag. 
450. 


arise from the gland by transformation of 
its cells into a new type, giving an impres- 
sion of neoplastic transformation rather than 
hyperplasia. Recurrences following 
tempted removal of these tumors have been 
Gruenfeld and Jorstad 
and Harris! stated that the tumor may 
originate from ducts. Meza-Chavez ** traced 
the origin of the oncocytoma cells of the 
parotid gland to both ducts and acini which 
had undergone transformation and_at- 
tempted to explain the origin of the tumor 
by a possible connection with the sebaceous 
gland. Stump ™ suspected that oncocytomas 
represented a unique form of retrogressive 
cellular alteration, inasmuch as they are 
present in the aged but not in adolescents. 

Oncocytomas have usually been described 
as unicellular tumors with the exception of 
the ones reported by Christopherson '* and 
Foote.”* In these two instances, small foci 
with many structural characteristics of 
mixed tumors were noted. Schafer et al.” 
stated that tumors containing mesenchymal 
elements are actually mixed tumors which 
have undergone oncocytic transformations. 

The histogenesis of the oncocytoma in 
the caruncle of the eye has not clearly been 
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demonstrated. The caruncle contains sweat 
glands, and occasionally abortive lacrimal 
glands,** which may be placed there by dis- 
placement during their development. The 
lacrimal glands develop during the ninth 
week of embryonic life, arising from the 
conjunctival epithelium of the lateral part 
of the upper lid in the area, where it turns 
back to be reflected over the sclera.?? It is 
not inconceivable that the ducts from these 
glands may give rise to the oncocytoma. 
Cases of so-called adenoma of the lacrimal 
gland under the conjunctiva has been re- 
ported, but these are actually abortive 
lacrimal glands rather than tumors.23 No 
true adenoma of the lacrimal gland has 
been encountered. It is also possible that 
the oncocytoma may arise from the epi- 
thelium of the sweat glands or by metaplasia 
of the myoepithelioid elements. 


Summary 


An oncocytoma (oxyphilic-cell adenoma) 
of the caruncle of the eye in a 63-year-old 
Mexican woman is reported. 

Review of the literature has failed to 
reveal any reported cases of such lesion. 
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ONCOCYTOMA OF CARUNCLE 


The oncocytoma may have arisen from 
(a) abortive lacrimal glands or (b) the 
epithelium of the sweat glands present in 
the caruncle. 


Department of Pathology, College of Medical 
Evangelists (33). 
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Pathology of the Ganglionic-Aganglionic Junction 


in Congenital Megacolon 


GHERARDO J. GHERARDI, M.D., Boston 


Defective autonomic nerve supply of the 
bowel wall is accepted generally as the 
principal anatomical cause of congenital 
megacolon (Hirschsprung’s disease)** and 
abnormal peristalsis as the functional ef- 
fect.1 This combination produces narrow- 
ing with obstruction in the affected segment 
and dilatation proximally. Numerous re- 
views have summarized the pathology and 
have described the clinical and radiological 
manifestations ** of the common case and 
rarer variants. Successful surgical therapy, 
consisting of removal of the aganglionic 
segment of bowel, has been based on this 
foundation.* Biopsy has aided diagnosis by 
confirming a presumed aganglionosis and 
has refined therapy by fixing the limits of 
effective resection.®:'” 

Recent reports '''* have been aimed at 
descriptions of the extent of longitudinal 
involvement of bowel, whereas a compari- 
son of the histology of the nerve supply in 
various layers at the junction of ganglionic 
and aganglionic bowel has not been made. 

The present study has been designed to 
clarify the question of whether there is 
correspondence between the terminations of 
ganglion cells in Meissner’s (submucosal ) 
and Auerbach’s (myenteric, intermuscular ) 
Deci- 
sions regarding the depth or extent of bi- 


plexuses in Hirschsprung’s disease. 


opsy needed for effective results depend on 
familiarity with such relationships. 


Submitted for publication May 20, 1959. 

Associate Professor of Pathology, Tufts Uni- 
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Materials and Methods 


Eleven specimens of large bowel resected from 
cases of Hirschsprung’s disease were carefully 
mapped out to demonstrate the location of the 
most caudal ganglion cells of both Auerbach’s 
and Meissner’s plexus. Only those cases were 
used in which a significant portion of the, or 
the entire, junction between ganglionic and 
aganglionic bowel was uninterrupted by surgical 
intervention and was contained within the main 
resected specimen. Otherwise, the cases were un- 
selected and were studied in sequence. 

The specimens were opened longitudinally along 
either the mesocolic or the antimesenteric line and 
fixed flat in 10% formalin. The approximate 
location of the ganglionic margin was determined 
by pilot samplings and was subsequently defined 
by semiserial longitudinal blocks taken close to- 
gether, largely in parallel, along the entire cir- 
cum ference. 


Special care was taken to include clearly the 
ganglion-cell termination in both plexuses within 
each block. The end-points were checked wherever 
possible in adjacent serial sections and were re- 
corded graphically to a scale of 1:1. Only those 
neurons were recorded which were clearly identi- 
fiable as such, principally by their prominent 
nucleolus, but also by other well-established nuclear 
and cytoplasmic characteristics. 


Observations 


The change from a normally ganglionic 
autonomic nerve supply to totally agangli- 
onic bowel was not completely abrupt in all 
cases. The presence of a zone where neu- 
rons are scanty was confirmed in some 
instances, but its extent and character were 
not evaluated. The end-points generally 
were fairly sharp and could be substantiated 
in adjacent serial microscopic sections. Such 
a gradual diminution of neurons, with 
stragglers so widely spaced as to make the 
level of termination indistinct, was rarely 
encountered. 
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GANGLIONIC-AGANGLIONIC JUNCTION 


Figs. 1-11.—QOutline drawings of longitudinally opened segments of large bowel in Cases 1-11, 
all oriented so that the proximal margin of resection is on the left and the distal margin on 


the right. 
dots, connected by unbroken heavy lines. 


The most distal ganglion cells identified in the myenteric plexus are designated by 
The most distal ganglion cells identified in the 


submucosal plexus are designated by checks (v) connected by light broken lines. The arrows 


indicate the median line of mesenteric attachment. 


for a square centimeter. 


The junction in all cases is delineated at 
both submucosal and intermuscular levels 
in line drawings (Figs. 1-11). Three main 
observations may be made from these. 

1. The lines representing the termination 
of ganglion cells in the submucosal and 
intermuscular plexuses generally coincide. 


Gherardi 


The small square for each specimen stands 


2. The junction tends to be more cau- 
dally located opposite to the line of mesen- 
teric attachment. Cases 2, 3, 4, 5, 6, 7, 8, 
and 10 bear this out clearly. 

3. The submucosal ganglion cells appear 
to terminate either at the same level or a 
short distance cephalad to the intermuscular 
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ganglion cells. This trend is particularly 
noticeable in the antimesenteric portion of 
the bowel wall, as in Cases 1, 2, 3, 6, and 8. 
Minor exceptions, where the submucosal 
ganglion cells can be traced more distally 
than their intermuscular counterparts, can 
be found in almost every case. The discrep- 
ancy is minimal or absent in some instances 


(Figs. 5 and 10). 


Comment 


It would seem clear that the general cor- 
respondence of the junction at the submu- 
cosal and intermuscular levels has been 
conclusively demonstrated. The more distal 
extent of the ganglionic margin along the 
antimesenteric line and the “lag” between 
submucosal and intermuscular end-points 
appear to be of less significance, more vari- 
able, and subject to differences of interpre- 
tation. 

One factor which may play an important 
role in bringing about the more extensive 
antimesenteric ganglionosis may be a me- 
chanical one of greater dilatation opposite 
to the point of attachment of the bowel. In 
many cases the longest convexity relative to 
the mesocolic point of attachment lies longi- 
tudinally along the antimesenteric line. This 
bulge effect may produce a distribution of 
the neuronal units over a larger area, there- 
by bringing about a relative and acquired 
level difference rather than an absolute and 
developmental one. This finding cannot be 
ascribed to artifact of sectioning and fixa- 
tion, for it is demonstrable irrespective of 
the line along which the bowel was opened. 
It is also more noticeable where dilatation 
is most pronounced, as indicated by the con- 
figuration of the specimens, e.g., Cases 2, 3, 
4, 5, 6, 7, 8, and 10. 

The findings of a minor and inconstant 
longitudinal “lag” between end-points must 
be regarded in the light of several consid- 
erations. First, the problem of fixation 
shrinkage becomes important: Such an ef- 
fect tends to minimize these longitudinal 
end-point differences and to distort them 
where a greater contraction of muscle lay- 
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ers with respect to submucosa makes 
shrinkage a differential one. 

A more random distribution of ganglionic 
elements in a greater volume of loose areo- 
lar tissue of the submucosa may make local- 
ization of these elements less precise than 
in the intermuscular layer, where they are 
contained in a much narrower space. The 
latter offers a distinct advantage for rapid- 
ity and accuracy of localization. This is 
particularly true when immediate diagnosis 
is required. 

Lastly, this discrepancy may be consid- 
ered on a theoretical basis with respect to 
the development and caudal displacement of 
the hindgut relative to a more cephalic 
source of autonomic nerve supply. In pig 
embryos neuronal cells accompany nerve 
fiber components from the pelvic plexus 
into the wall of the hindgut and apparently 
become incorporated into the enteric gan- 
glia. The appearance of ganglion cells is 
dependent on the penetration of these nerve 
fiber components. If one assumes that the 
ultimate position of ganglion cells in their 
relatively caudad migration is a linear func- 
tion of the nerve fibers which join them, 
then any diminution in the longitudinal dis- 
tance of their position from a fixed point 
of origin may be ascribed to lateral or 
transverse deflection. In the penetration of 
the inner circular muscle layer, such a loss, 
though small, might be incurred and could 
explain a more cephalic position of sub- 
mucosal neuronal elements relative to their 
intermuscular counterparts. 


Turning to a more practical considera- 
tion, it is clear that the absence of ganglion 
cells is the most reliable single diagnostic 
criterion in congenital megacolon, or Hirsch- 
sprung’s disease. Scantiness of neurons, 
poor formation, their gradual diminution in 
the transitional segment are highly subjec- 
tive and unreliable criteria. Similarly, any 
increase in number, or in size or complexity 
of nonmyelinated nerve fibers in the agan- 
glionic portion is an inconstant finding, 
difficult to evaluate. On the contrary, the 
two muscle layers, distal to the ganglionic 
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margin, are frequently tightly apposed, with 
few intervening nerve fiber bundles. 

In the employment of rectal biopsy, the 
choice between mucosal and submucosal bi- 
opsy and whole-thickness or muscle biopsy 
must be governed by several anatomical 
considerations. The general correspondence 
of ganglionosis in the two plexuses and the 
fact that a diagnostic biopsy specimen is 
generally taken in the rectum, far beyond 
the ganglionic-aganglionic junction, would 
indicate that a submucosal biopsy might 
suffice. Such a choice must be tempered 
by the realization that a positive diagnosis of 
Hirschsprung’s disease, on which thera- 
peutic surgical intervention is based, de- 
pends on a negative finding. This generally 
takes place at an age when ganglion cells, 
even if present, may be few, inconspicuous, 
small, or poorly formed, and are indentified 
more easily in the plexus of Auerbach. 
Substitution of surface sampling for full- 
thickness biopsy in the interest of speed and 
simplicity must be based on proper ap- 


praisal of the risk of diagnostic inaccuracy 
against the risks of possible postbiopsy com- 
plications, and should be avoided whenever 
possible. 


Summary 


The ganglionic-aganglionic junction in 
the autonomic plexuses of the colon in 
Hirschsprung’s disease was studied. A gen- 
eral correspondence of level and configura- 
tion of the ganglionic margin was found 
between the submucosal plexus of Meissner 
and the intermuscular plexus of Auerbach. 
Minor details of variation were noted. The 
findings are discussed with regard to em- 
bryogenesis and to practical application in 
diagnostic biopsy. 


I am indebted to Drs. Orvar Swenson and J. 
Herbert Fisher, from whose services this material 
was obtained, and to Mrs. E. Langille for her 
technical assistance. 


Department of Pathology, Tufts University 
School of Medicine, 136 Harrison Ave. (11). 
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Vascular Changes Induced by Bacterial Endotoxin 
During Generalized Shwartzman Reaction 


Effect of Cortisone 


DONALD G. McKAY, M.D., and JOSEPH C. MERRIAM, M.D., Brookline, Mass. 


With the Technical Assistance of Marcia Oberlander 


Alterations in the circulation of blood 
through the liver, lungs, spleen, and kidney 
during the course of the generalized 
Shwartzman reaction have recently been de- 
scribed by McKay and Rowe.'? This study 
was based on the distribution of India ink 
injected into the aorta at various times after 
the injection of one and two doses of bac- 
terial endotoxin. Macroscopic and micro- 
scopic changes were observed. One hour 
after the first injection of endotoxin, large 
“ischemic” areas appeared in the lungs. 
These were caused by arterial platelet 
thrombi, and possibly by arterial vasospasm. 
Alternating with these areas were “black- 
ened” patches in which the alveolar capil- 
laries were dilated and had trapped large 
amounts of ink. Similar, but less distinct, 
areas appeared in the spleen and _ liver, 
and these were also associated with arterial 
platelet thrombi. Four hours after each 
injection of endotoxin there appeared a 
virtually complete exclusion of ink from 
the center of all hepatic lobules. This ob- 
struction to blood flow in the liver was as- 
sociated with a dilation of the peripheral 
sinusoids of the hepatic lobules. The renal 
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glomeruli contained a few India ink granules 
during all stages of the Shwartzman reac- 
tion, until two to four hours after the sec- 
ond injection. At this time the glomerular 
capillaries dilated and filled with ink. This 
stasis of blood in these vessels preceded or 
was concomitant with the intravascular depo- 
sition of fibrin in the glomerular capillaries. 

It was suggested that dilation and stasis 
of blood in the renal glomeruli might be 
the conditioning factor in the subsequent 
localization of thrombi in these vessels and 
therefore might constitute one of the major 
mechanisms of “preparation” in the general- 
ized Shwartzman reaction. To test this idea 
further, the effects of cortisone on the vas- 
cular pattern before and after endotoxin 
injection were studied in a similar manner. 
The experiment differs only in replacing 
the first injection of endotoxin by cortisone 
administration. In this instance, according 
to Thomas and Good,* only one dose of 
endotoxin is needed to induce the renal 
thrombi of the generalized Shwartzman re- 
action. If glomerular dilation and _ stasis 
constitute an important mechanism in caus- 
ing the thrombi to localize in these capil- 
laries, these changes should appear after but 
one injection in animals prepared with corti- 
sone. In addition to the renal vascular re- 
sponse, changes were observed in the small 
vessels in other organs which were differ- 
ent from those in the previous experiments, 
and are reported herein. 


Materials and Methods 


Hybrid female albino rabbits, weighing approxi- 
mately 1 kg. and fed on Purina Rabbit Chow, were 
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given 25 mg. of cortisone intramuscularly for 
three successive days. For the injection of India 
ink into the aorta they were anesthetized with 
pentobarbital Procaine injected 
locally; the femoral artery was freed up, 
a polyethylene catheter was inserted as soon as 
The 
inserted so that the tip lay in the aorta at the level 
of the diaphragm. At this point 10 ml. of a 10% 
suspension of Higgins India ink in isotonic saline 
was injected into the aorta by means of a glass 
syringe. 


sodium. was 


and 
catheter was 


the animal was anesthetized. 


A few animals received the injection by 
way of the left ventricle. The injection was ac- 
complished over a period of two to three minutes. 
The abdomen was opened immediately after in- 
jection of India ink, and the lungs, spleen, liver, 
adrenals, and kidneys were removed. The animal's 
death occurred as the result of hemorrhagic shock 
After 
placing sections of these organs in formalin, a 
complete autopsy was done. The blocks were pre- 
pared in the standard way and embedded in paraffin. 
Six-micron sections were cut and stained with 
hematoxylin and eosin and phosphotungstic acid 
hematoxylin. Thirty-micron sections were cut and 
mounted unstained on glass slides. 


consequent to the removal of these organs. 


In this study there are actually three control 
groups and three experimental groups. 

Control Group I.—This group was comprised 
of animals given two doses of toxin and injected 
with India ink at 0, 1, 2, 4, and 24 hours after 
the first and second injections. These have been 
previously reported.’* 

Control Group I1.—This group, of eight animals, 
was pretreated with cortisone and then injected 
with 0.2 mg. of endotoxin and killed at 24 hours 
without the injection of India ink. The purpose 
of this control was to determine the effectiveness 
of endotoxin in producing the Shwartzman re- 
action and also to determine whether or not the 
pathologic changes after the cortisone “preparation” 
were the same as those following the endotoxin 
“preparation.” 
four ani- 
and were 
injected with India ink but not endotoxin. The 
purpose of this control was to determine the effect 
of cortisone alone on the vascular pattern. 


Control Group I1I1.—This group, of 


mals, received cortisone pretreatment 


Experimental Groups—Each of these three 
groups were pretreated with cortisone and then 
given 0.2 mg. of endotoxin. In Group A, four 
animals were injected with India ink one hour 
after endotoxin; in Group B, four animals were 
injected with ink two hours after endotoxin, and in 
Group C, eight animals were injected with ink 
four hours after endotoxin. These last three 
groups contain the actual experiments of this study. 


McKay—Merriam 


Observations 


lor the purposes of orientation, in de- 
scribing the observations, we have pre- 
sented the pathologic findings (Control 
Group II) first. Control Group III, which 
demonstrates the effects of cortisone alone 
on the distribution of India ink, is presented 
next. Comparisons with the two injection 
experiments (Control Group I) are made at 
the points where differences exist. The sec- 
ond section of this description includes the 
experimental Groups A, B, and C, and they 
are described together according to organ 
involvement. 

Control Group 11.—In the eight animals 
examined four hours after receiving endo- 
toxin, glomerular capillary thrombi were 
found in five. Of the animals examined 24 
hours after endotoxin, bilateral renal corti- 
cal necrosis occurred in two, and two 
others had glomerular capillary thrombi. 

With respect to the kidneys, spleen, and 
liver, the lodgment of thrombi in small ves- 
sels, followed by the development of hemor- 
rhage or necrosis in the peripheral tissue 
was essentially the same as that seen after 
the second injection of toxin in the standard 
two-dose Shwartzman reaction.’* The liver, 
on the other hand, reacted quite differently. 
No thrombi were observed in the liver of 
any animals killed four hours or less after 
endotoxin injection. Only one animal out 
of eight sacrificed twenty-four hours after 
endotoxin showed thrombi and _ necrosis. 
This is in contrast with the standard 
Shwartzman reaction, in which hepatic 
thrombi were found in 9 of 37 animals 
given one dose of toxin and in 31 out of 45 
animals given two doses of toxin. There 
were a few animals with focal necrosis 
which was interpreted as due to coccidiosis. 

Increased numbers of megakaryocytes 
were observed in the lungs in the cortisone- 
treated animals. The numbers of these cells 
appeared to decrease 4 hours after endo- 
toxin injection, but they were found in large 
numbers again 24 hours after exposure 
to endotoxin. 
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Control Group I1].—¥rom the macro- 
scopic standpoint, the ink was distributed 
very much as in the control group of our 
previous experiments (Control Group 1). 
The lungs appeared slightly gray, as did the 
kidneys, while the liver and spleen were 
diffusely blackened. Petechial hemorrhages 
were observed in the majority of these lungs. 

Microscopically the pulmonary alveolar 
capillaries were packed full of ink. This 
was in contrast to control animals which 
were not pretreated with cortisone (i.e., 
normal animals), which had very little ink 
in the pulmonary capillaries. The distribu- 
tion of ink in the cortisone-treated controls 
was actually very much like that in the 
animals which had received one dose of 
endotoxin in the previous studies (Control 
Group 

Cortisone treatment caused a profound 
change in the histology of the liver. In the 
cortisone control group (III), as well as 
the others, the liver cells were swollen and 
had a clear cytoplasm, giving them the ap- 
pearance of glycogen infiltration. The India 
ink was distributed evenly through every 
sinusoid but with slight tendency in a few 
lobules to “ischemia” of the central portion 
of the lobule. The spleens appeared no 
different from those of the previous study. 
The sinuses of the red pulp contained large, 
clumped masses of ink, and there was a 
concentration in the peripheral portion of 
each Malpighian corpuscle, while the central 
portion was completely devoid of ink. 

The kidneys of this control group con- 
tained slightly more ink than the kidneys 
of the control group that did not receive 
cortisone. The adrenals were completely 
free of ink. 

Experimental Groups A, B, and C (En- 
dotoxin-Treated Animals ).—A. Lungs: One 
hour after endotoxin injection the macro- 
scopic appearance of the lungs was changed 
markedly. Large pink areas, completely 
free of ink alternated, with dense black 
areas in a geographic distribution (Fig. 1). 
Small hemorrhages were found in most 
lungs. This patchy distribution of ink oc- 
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Fig. 1.—India ink-injected lungs, one hour after 
endotoxin. The pale areas are devoid of ink, and 
the blackened areas contain large amounts. Control 
animals show a diffuse, homogeneous gray lung 


surface. The alterations shown above 


persist 
throughout the experiment. 


curred in all animals in the one, two and 
four-hour time periods. Microscopically, 
the pale areas were devoid of ink, and the 
alveolar capillaries of the black areas were 
filled with ink (Fig. 2). 

B. Liver: The liver cells of all these ani- 
mals were swollen and vacuolated diffusely 
(Fig. 3). The even, regular distribution of 
ink in every sinusoid observed in the con- 
trol group was found in every animal fol- 
lowing endotoxin injection. This was quite 
in contrast to the previous study (Control 
Group 1), in which an ischemia of the 
centers of the lobules, accompanied by a dila- 
tion of the peripheral sinusoids, occurred 
four hours after each injection of endotoxin. 

C. Adrenals: At two and four hours after 
endotoxin injection the sinusoids of the 
adrenal contained appreciable amounts of 
ink. This amount of ink in the adrenal was 
not observed in the control animals of this 
series. 

D. Pituitary: Most of the pituitary glands 
showed an increased amount of ink in the 
sinusoids four hours after endotoxin. 

E. Kidneys: The macroscopic appearance 
of the kidneys did not change throughout 
the 48-hour period of study. There was a 
light-gray tinge to the otherwise reddish- 
brown renal cortex in all specimens. 

Microscopically, the normal distribution 
of ink in sparse granules in the glomeruli 
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and a few of the intertubular capillaries oc- 
curred in all of the kidneys one hour after 
endotoxin injection (Fig. 4). At two hours 
a slight increase in the amount of ink in the 
glomeruli appeared. A few glomeruli in 
three of these animals were heavily filled 
with ink. At four hours five out of eight 
animals showed a marked dilation of glo- 
merular capillaries (Figs. 5 and 6). Two of 
the animals that did not show the glo- 
merular dilation were mishandled. During 
the catheterization of the femoral artery a 
great deal of blood was lost, and the animals 


Fig. 3.—Liver of con- 
trol animal. These vacuo- 
lated liver cells were 
found in all the cortisone- 
treated animals whether 
or not they received en- 
dotoxin. The pattern of 
distribution of ink was 
also the same in all these 
livers. Four hours after 
endotoxin there was no 
change in the regular, 
diffuse distribution of ink 
in the sinusoids. This is 
in contrast to the stand- 
ard two-dose Shwartzman 
reaction, in which four 
hours after each endo- 
toxin injection there was 
an absence of ink from 
the central portion of the 
lobules and a dilatation of 
the peripheral sinusoids. 
Hematoxylin-eosin stain; 


thickness; X 200. 
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Fig. 2.—Lung one hour 
after endotoxin. This 
photomicrograph shows 
the dilated ink-filled alve- 
olar capillaries on the left 
(one of the grossly 
blackened areas) and a 
patch on the right which 
is completely free of ink. 
Unstained section; 


thick; X 100. 


were in shock. It is possible that they should 
be excluded from the final results, since a 
greatly decreased blood volume might be an 
adequate reason for a failure of the blood 
to flow through the kidney cortex, thus ex- 
cluding India ink from the glomeruli for 
an extraneous reason. 


Interpretation 


Studies in the past have demonstrated that 
one of the fundamental features of the 
pathogenesis of the generalized Shwartzman 
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Fig. 4—Kidney, con- 
trol animal. A few gran- 
ules of ink are present 
in the capillaries of the 
kidney. Unstained section ; 
30u thickness; X 100. 


reaction is the participation of the blood- 
coagulation system. The reaction may be 
prevented by blocking the coagulation of 
blood in vivo by heparin,® warfarin sodium,® 
and fibrinolytic activity.’ It is to be noted 
that intravascular coagulation occurs after 
both injections of endotoxin. In essence, the 
classical generalized Shwartzman reaction 
can be characterized as two episodes of 
disseminated intravascular coagulation. The 
peak response of the blood coagulation 
system to endotoxin is four hours after 
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each injection, and the fibrin thrombi ap- 
between two and four hours. How- 
ever, the first injection produces thrombi 
in the liver, lungs, and spleen, whereas the 
second injection causes them to appear in the 
kidney glomeruli. It is clear that some change 
has taken place after the first injection to 
“prepare” the kidney. 

To determine the cause for the localiza- 
tion of fibrin in the glomeruli only after 
the second injection is the basic aim of our 
study. The previous experiments have raised 
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Fig. 5.—Kidney. Four 
hours after endotoxin the 
majority of glomeruli are 
dilated and filled with ink. 
Unstained section; 30, 
thick; 100. 


Vol. 69, May, 1960 


a 
= 
; 
4 
> 
ae 
wee 
60/528 
: 


the possibility that dilation of glomerular 
capillaries might be a basic factor, because 
the dilation or stasis appeared simultaneously 
and exclusively at the time of the appearance 
of the glomerular thrombi, two to four hours 
after the second injection of endotoxin. The 
present experiment demonstrates that the 
glomerular dilation and stasis occur after the 
first dose of endotoxin (i.e., the “provoking” 
dose) in animals prepared with cortisone, 
simultaneously and exclusively, at the time 
of the appearance of the glomerular thrombi. 
These observations support the concept that 
stasis of blood in the glomerular capillaries 
is an important factor in causing the localiza- 
tion of fibrin thrombi in the kidney, when 
disseminated intravascular coagulation is 
produced by bacterial endotoxin. Stated 
differently, glomerular capillary dilation ap- 
pears to be a major element of “preparation” 
for the generalized Shwartzman reaction. 
The vascular system of other organs in the 
cortisone-prepared animals responded dif- 
ferently than in normal animals. 

Cortisone preparation altered the pul- 
monary vascular pattern. The pulmonary 
alveolar capillaries dilated in response to the 
cortisone administration, whereas in the 
previous experiments these capillaries were 
not dilated in normal animals and became 
dilated only after injection of bacterial en- 
dotoxin. 


McKay—Merriam 


Fig. 6—Kidney, glo- 
merulus. Four hours after 
endotoxin. Unstained sec- 
tion; 30u thick; 400. 


No change was observed in the vascular 
pattern of the liver four hours after en- 
dotoxin in the cortisone-prepared animals. 
This is quite in contrast with the response of 
normal animals to endotoxin, in which a dila- 
tion of sinusoids at the periphery of each 
lobule with a centrolobular “ischemia” ap- 
peared four hours after each injection of 
endotoxin. It is noteworthy that in the 
cortisone-treated group all the liver cells 
were filled with glycogen and were greatly 
swollen. It may be that the enlargement of 
the liver cells was responsible for this 
failure of the sinusoids to respond to en- 
dotoxin in this experiment. On the other 
hand, it may be that the cortisone had a 
primary action on the endothelium or some 
other vascular structure of the liver to pre- 
vent the reaction. Whatever the mechanism, 
it is important to note that the absence of a 
vasomotor response in the liver was as- 
sociated with a lack of thrombosis in this 
organ. In the standard Shwartzman reac- 
tion the converse was also true—namely, 
when vasomotor changes in the liver lobule 
occurred, thrombi were found in this loca- 
tion. In a general way it appears that in 
two locations, the liver and the kidney, 
thrombosis is associated with vasomotor ac- 
tivity (dilation of small vessels) and that 
in the absence of the dilation thrombosis 
tends not to occur. 
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Summary 


Rabbits were prepared for the generalized 
Shwartzman reaction by cortisone pretreat- 
ment. They were then given an intra-aortic 
injection of India ink and examined his- 
tologically for alterations in the distribution 
of ink in the small vessels of the liver, 
lungs, spleen, kidney, adrenals, and pituitary. 
Although basically the same changes were 
observed in the redistribution of ink as had 
been seen in the standard two-dose general- 
ized Shwartzman reaction, certain important 
differences were noted. 


1. The renal glomerular capillaries dilated 
and filled with ink four hours after one 
injection of bacterial endotoxin. This was 
accompanied by glomerular capillary throm- 
bosis. 

2. No change was observed in the dis- 
tribution of ink in the liver. Thrombosis of 
the hepatic sinusoids and central veins oc- 
curred in only 1 out of 16 animals. 


Thus, in two organs, the liver and kidney, 
thrombosis of small vessels is closely related 


to an accompanying vascular dilation. When 
the dilation occurs, thrombi are found, and, 
conversely, when the dilation does not oc- 
cur no thrombi are found. It is suggested 
that capillary dilation is an important factor 
in the localization of thrombi in the gen- 
eralized Shwartzman reaction and may be 
considered as an important facet of the 
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phenomenon of “preparation” for this reac- 
tion. 


Parkway Hospital, Private Wing, Free Hospital 
for Women, 245 Pond Ave. (46). 
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Mast Cell Content of Placental Tissue 


BERNARD A. BEBER, M.D.; BENJAMIN H. LANDING, M.D., and 


JAMES M, SUTHERLAND, M.D., Cincinnati 


Villi of placentas have been described as 
having a small number of cells which con- 
tain metachromatic granules.**? The amnion 
contains some mast cells, while the placental 
decidua is apparently devoid of them.**1¢ 
Mast cells seem to be present in great num- 
ber in Wharton’s jelly of the umbilical cord, 
and some anticoagulant properties have been 
attributed to extracts of both cord and 
placenta, this quality being ascribed to the 
presence of some chondroitinsulfate com- 
pound.®*® In all probability the mast cells 
form this product. It has been suggested 
that the metachromatic granules possess 
some anticoagulant action on the basis of 
staining reactions, indicating that they con- 
tain heparin or some heparin-like sub- 
stance. Mast cells may also contain 
histamine.* Previous histochemical studies 
of the placenta have indicated a paucity or 
complete lack of mast cells residing in the 
area between amnion and chorion.**? 

The area between amnion and chorion 
was investigated, microscopically, by the 
following procedure: Within two hours post 
partum, the fetal side of the placenta was 
washed gently with tap water and then 
blotted dry. A small piece of amnion (usu- 
ally about 2X4 cm.) was then stripped 
from the area overlying the placenta. The un- 
derlying chorionic plate was removed. Both 
tissues were placed in a one-half saturated 
solution of methylene blue (polychromed) 
in 50% ethyl alcohol, stained for one min- 
ute, and then washed in water and mounted 
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in Permount after slight air drying. In 
several instances the amnions were stained, 
using a 0.25% solution of toluidine blue in 
70% alcohol at pH 2. The tissues were 
mounted in such a manner that the mucoid- 
material-containing area between amnion and 
chorion was “up” for both of the specimens. 
A total of 50 “full-term” placentas were 
examined, in addition to a number of 
younger ones of varying ages. 

Upon examination of the amnions, it 
could be seen that in the layer farthest from 
the epithelial surface, and apparently in one 
focal plane, there were many cells contain- 
ing metachromatic granules, demonstrable 
with both staining techniques. The nuclei 
were pale, oval, and clear to slightly granu- 
lar, with no nucleoli noted (Figs. 1 and 2). 

The metachromatic granules varied mark- 
edly in size and density from one specimen 
to another, with minor variations noted from 
one area to another of the same placenta. 
This variability possibly represents a dif- 
ference in hydration.® In all instances, aside 
from those noted below, these cells were 
observed on the chorionic side in number 
equal to or greater than that seen on the 
amniotic side. The main difference between 
the two was that the cells containing the 
metachromatic granules were not located in 
a single focal plane on the chorionic side 
but, rather, were distributed throughout the 
mucoid substance in variable concentrations. 
In five instances, extremely few or no cells 
were seen on the portion of the amnion 
examined, though its corresponding chorion 
contained normal numbers. In another 5 
of the 50 full-term placentas, the content 
of mast cells in both amnion and chorion 
was markedly diminished. In no instance 
could we find any common variation from 
the other “normal’’ placentas to account for 
this difference, neither with the gross and 
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routine microscopic 
placentas nor with the clinical and labora- 


examination of the 
tory evaluation of the the 
mother, and the child. 

The placenta of a patient who had been 
receiving desiccated thyroid for a severe 
hypothyroid condition was noteworthy. Very 
few mast cells were found. This might have 
been suspected if Asboe-Hansen’s conclu- 
sions are correct, ie., that there is an 
increased number of mast cells in myxedem- 
atous connective tissue, which diminishes as 
the TSH level is brought down by the ad- 
ministration of thyroid hormone.'? The 
infant of this case was circumcised on the 
seventh day post partum. The prepuce 
showed an apparently normal concentration 
of mast cells, though he was taking 14 grain 
(15 mg.) of desiccated thyroid daily and 
had no clinical or laboratory (insensible 
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pregnancy, 


Fig. 1—Methylene blue- 
stained amnion showing 
mast cells lying in one 
focal plane. X 150. 


weight loss, PBI) evidence of myxedema 
at the time. 

Placentas of premature and stillborn in- 
fants were also examined. While mast cells 
are described as being present in villi of 
placentas as young as 3.5 weeks, we were 
unable to demonstrate them in the amnion 
or chorion prior to the 20th week of gesta- 
tion. After this age, characteristic mast 
cells could be found if a large enough area 
was explored (on occasion up to half the 
placental surface). 

The mast cells found in placental villi 
possibly actually do act to inhibit clotting 
of maternal blood by release of some anti- 
coagulant substance into the area.‘ It is 
difficult to say whether or not the mast 
cells described above have the same proxi- 
mate action, such as, for example, to inhibit 
formation of subchorionic thrombi, or 
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MAST CELLS IN PLACENTAL TISSUE 


Fig. 2.—Higher power 
photomicrograph of Fig- 
ure 1 with a single mast » 


cell in the field. & 650. 


whether this is to be considered as merely 
another connective-tissue area of the body 
in which the presence of mast cells in good 
number might have been anticipated. 


Children’s Hospital Research Foundation, Elland 
and Bethesda Aves. (Dr. Sutherland). 
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OSCAR J. BALCHUM, Ph.D., M.D., Nashville, Tenn. 
With the Technical Assistance of Margaret C. Carl 


communication we re- 
ported that erythrocyte acetylcholinesterase 
(AChE)* activity was subnormal in eight 
patients with paroxysmal noctural hemo- 
globinuria (PNH)7 studied.' To our knowl- 
edge, this has been the only enzyme defect 
observed in the PNH erythrocyte. De 
Sandre, Ghiotto, and Mastella reported a 
similar finding in one PNH patient.2 With 
biochemical methods Beck and Valentine 
noted that the alkaline phosphatase activity 
in PNH_ neutrophilic leukocytes was re- 
duced,* and this was confirmed in four PNH 
patients, using a histochemical method.* 
Although there is evidence to suggest that 
glycolysis is normal in PNH erythrocytes,’ 
a decreased uptake of radioactive phosphorus 
and an increased turnover of adenosinetri- 
phosphate (ATP) has been observed.*7 On 
the other hand, potassium transport has 
been found to be normal in PNH cells.* 
Several worker. have reported erythrocyte 
lipid abnormalities,*"! and electron micros- 
copy has revealed a patchy and pitted eryth- 
rocyte The reason for the 


In an earlier 
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markedly reduced AChE activity remains 
obscure. The present investigation was de- 
signed to extend our earlier studies and to 
explore the nature of this subnormal enzyme 
activity in PNH erythrocytes. 


Material and Methods 


Patient Material—Cases 1 to 6 were studied at 
Vanderbilt University Hospital.‘ The red cells 
of Case 7 were provided by Dr. C. Lockard 
Conley, The Johns Hopkins School of Medicine; 
those of Cases 8 and 9, by Dr. Carl F. Hinz Jr., 
Western Reserve University School of Medicine; 
those of Case 10, by Dr. William H. Crosby, 
Walter Reed Army Medical Center, and those 
of Case 11, by Drs, Stanley B. Troup and 
Lawrence E. Young, University of Rochester 
School of Medicine and Dentistry. All but Case 
10 had clinically active PNH. Although in the 
past this patient had had clinically active disease, 
at the time of study blood counts and red cell 
survival were normal, and the acid hemolysin test 
was only weakly positive.” Data regarding this 
patient have been previously published.” 

Unless otherwise specified, the erythrocyte en- 
zyme studies reported refer to specimens obtained 
at least two months following the last transfusions. 
In most instances the interval was much longer. 
Cases 2 and 10 have never had transfusions. 


Preparation of Packed Erythrocyte S pecimens.—- 
Blood was collected without the use of anticoagu- 
lant from an antecubital vein into silicone-treated 
tubes and centrifuged at high speed (10,000Xg) 
in a refrigerated centrifuge for 10 minutes.* The 
plasma was carefully removed, and top, middle, 
and bottom layers were isolated from the packed 
red-cell column. A “mixed” red-cell sample, rep- 
resentative of cells at all levels of the column, 
was prepared by taking duplicate packed red 
cell columns, mixing them thoroughly, and ob- 
taining an aliquot from this mixture. The cells 
were then washed three times with large volumes 
of 0.85% sodium chloride solution and_ finally 
packed again by centrifuging at 3,000 rpm for 
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eight minutes. The enzyme activity of 0.2 ml. 
portions of washed packed cells was determined. 

Reticulocyte Counts.—Reticulocyte counts were 
made on dry films after vital staining with brilliant 
cresyl blue. All erythrocytes containing recognizable 
reticulum were counted, and the percentage of 
reticulocytes in 1,000 erythrocytes was determined. 
It was necessary to dilute the various specimens 
of packed cells in the original plasma for reticulo- 
cyte counts, since saline suspension proved un- 
satisfactory. 

“In Vitro” Cell Mixtures —Fresh washed and 
packed normal and PNH cells were mixed with 
each other in varying proportions. PNH red cells 
were also mixed in varying proportions with cells 
isolated from a patient with pernicious anemia 
recently started on cyanocobalamin U.S.P. (vita- 
min Bis) therapy. 

Transfusion Studies —Blood was freshly collected 
from each of two normal donors into Fenwall 
plastic bags containing acid citrate-dextrose solu- 
tion. The donor blood was compatible with the 
recipient PNH patient’s blood by saline, albumin, 
and indirect Coombs cross-matching techniques. 
The donor red cells were washed three times 
with 0.85% sodium chloride solution, and the 
cells were packed by centrifugation at 3,000 rpm 
for 30 minutes. The cells were. then tagged with 
Cr™ (as sodium chromate) by injecting 65yc. of 
the latter into each bag, followed by thorough 
mixing and incubation overnight at 5 C. One 
hundred milligrams of ascorbic acid was then 
added to each bag, and the contents of the two 
were pooled into one bag. 

Just prior to infusion of the normal packed cells 
into the PNH patient, samples were removed 
both from the normal cells and from the recipient 
PNH patient for AChE determinations and to 
serve as standards for radioactivity counting. 
Radioactivity was determined by scintillation- 
counting techniques. 

The normal tagged cells were infused into the 
PNH patient over a two-hour period. Thirty 
minutes later blood samples were obtained from 
the patient for AChE and radioactivity determina- 
tions. These tests were carried out on the various 
layers of a packed-cell column from each sample. 
All final samples were weighed so that radio- 
activity could be expressed in counts per second 
per gram of cells. From these data the proportion 
of infused normal cells in the various erythrocyte 
layers of post-transfusion recipient blood was 
calculated. 

Determination of Acetylcholinesterase Activity.— 
Acetylcoholinesterase activity was determined man- 
ometrically by employing the Warburg technique. 
Measurements were carried out at 37.5 C in Ringer- 
Krebs bicarbonate medium. The final volume was 
2.0 ml. <Activity-pS curves were determined for 
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normal cells, and the optimal substrate concentra- 
tion was found to be approximately 1.5107 M. 
This substrate concentration gave slightly higher 
values for enzyme activity of normal human eryth- 
rocytes than did concentrations previously used.* 
The substrate employed was acetylcholine bromide 
which had been recrystallized several times from 
absolute alcohol. The vessels were gassed with 
95% Na and 5% COs for 20 minutes. The substrate 
and. cells were mixed, and exactly three minutes 
was allowed for reequilibration. Successive mano- 
metric readings were made at intervals of 5 minutes 
for a total of 30 minutes. The first 10-minute inter- 
val was considered to be the most accurate measure- 
ment. This value was multiplied by 6 to give 
the rate per hour. 

Although a volume measurement of packed cells 
was used for the determinations, final expression 
of enzyme activity was given in terms of dry 
weight. This was preferred, since the volume of 
the reticulocyte is known to be appreciably greater 
than the volume of the mature red cell.” (Alli- 
son and Burn expressed their results in terms 
of a unit quantity of hemoglobin, since this sub- 
stance “is probably metabolically inert in the 
mature erythrocyte, and the quantity of hemoglobin 
in any one cell should not vary appreciably with 
age.” "* On the other hand, although the mean 
corpuscular concentration of reticulocytes is lower 
than that of mature erythrocytes in experimental 
hemolytic anemia in rabbits, the absolute quantity 
of hemoglobin in the reticulocyte was reported as 
increased.“) Allison and Burn also emphasized 
that reference of activity to a unit number of red 
cells is not reliable because of the large random 
error in red cell counts.“ In our studies dry 
weights determined on a unit volume of top, mid- 
dle, and bottom layers were actually very nearly 
the same. 

Dry Weights: Two-tenths milliliter of the 
packed red cells was pipetted carefully into small 
tin-foil cups. The cups were weighed empty and 
reweighed after the red cell content reached a 
constant weight in a drying oven set at 110 C. 


Results and Comment 
Erythrocyte Acetylcholinesterase Activity 
in Paroxysmal Nocturnal 
Hemoglobinuria (PNH) 


Representative data regarding erythrocyte 
acetylcholinesterase (AChE) activity in 11 
PNH patients and in normal subjects are 
given in Figure 1. The values are for 
“mixed layers,” representative of the entire 
population of red cells, and the figures in 
the columns indicate the percentage of 
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Fig. 1—Acetylcholines- 
terase activity of normal 


and PNH erythrocytes. 


The I-beam superimposed 
on the column for normal 
erythrocytes indicates the 
range of values. 


me COz per mg. dry weight per hour 


Normal 


reticulocytes. The data for normals were 
obtained from one or more determiuations 
one each of 20 normal subjects. The enzyme 
activity in PNH Cases 1-9 was markedly 
reduced, and all of these patients had clini- 
cally active disease* The normal AChE 
activity in Case 10 may possibly be as- 
sociated with current inactivity of the 
hemolytic disorder, as substantiated by nor- 
mal blood counts and red cell survival time.?® 
In this patient the acid hemolysin test is at 
present only weakly positive. Such, how- 
ever, would not explain the normal enzyme 
activity in Case 11, who has active disease.’® 
The acid hemolysin test has been clearly 
and repeatedly positive on numerous occa- 
sions in this patient..® Furthermore, she 
has never received blood transfusions. 

Dr. Sabine, of the University of Cali- 
fornia Medical Center, has kindly given 
us permission to report the erythrocyte 
acetylcholinesterase activity in another PNH 


case. The red cell cholinesterase activity 


Figures in columns indicote reticulocytes (%). 


PNH CASES 


of this PNH case was 0.45 when referred 
to the mean normal value of 1.00, expressed 
per unit volume of red cells. 


Erythrocyte Age and Acetylcholinesterase 
Activity 

The higher proportion of reticulocytes in 
the top layer as against the bottom layer of 
packed red cells is an expression of the fact 
that the top layer contains the younger red 
cells. Normally in both humans and rats the 
top layer has been noted to contain greater 
AChE activity than the bottom layer.?®?! 
Allison and Burn concluded that in normal 
blood the AChE activity of reticulocytes is 
about three times as great as that of mature 
erythrocytes.1* 

On the other hand, the immature cells 
in PNH generally showed just as much 
impairment of enzyme activity as the more 
mature cells. Figure 2 shows representative 
data of AChE determinations in the top 
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Figures in columns indicate reticulocytes (%). 


Fig. 2.—Acetylcholines- 
terase activity in top and 
bottom layers of normal 
and PNH erythrocytes. 
The I-beams  superim- 
posed on the columns for 
normal erythrocytes in- 
dicates the range of 
values. 
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and bottom layers of six PNH cases. In 
most instances the enzyme activity of the 
immature (top layer) cells was actually less 
than that of the mature (bottom layer) 
cells. The studies in Case 6 are of particular 
interest, since, despite the fact that the top 
layer consisted of 66% reticulocytes, there 
was virtually no AChE activity. 

Further evidence that the immature eryth- 
rocytes possessed the enzyme defect was 
provided by preliminary marrow studies. 
Enzyme activity of the cellular portion of 
bone-marrow aspirates in Cases 3 and 4 was 
even lower than that of peripheral blood 
red cells simultaneously determined. In view 
of the cellular diversity of bone-marrow 
aspirates, definitive studies 
histochemical determination 
marrow smears or sections. 


will require 
of AChE in 


Fluctuation of AChE Activity in PNH 


Earlier studies in our laboratory sug- 
gested that erythrocyte AChE activity in 
normal subjects and PNH patients fluctuated 
from time to time.’ The range of variation 
in normal subjects is shown in Figure 1. 
At no time did the values for the Vanderbilt 
PNH patients (Cases 1-6) attain normal 
levels of activity. Since the initial ob- 
servations, we have determined the enzyme 
activity in Cases 4-6 on many occasions. 
Table 1 provides representative data of 
erythrocyte enzyme values in Case 5 ob- 
tained daily for one week and in Case 6 


Taste 1.—Variation in Erythrocyte AChE 
at Different Times 


PNH PNH 
Date Normal Case 5 Date Normal Case 6 
1958 1958 
Oct. » 18.6 * 5.3 July 25 20.0 1.2 
uv 17.8 6.1¢ Aug. 1 16.9 3.2 
10 19.0 5.5 9 17.0 2.5 
ll 18.0 “4 19.0 11 
12 19.1 5.8 22 20.0 1.5 
13 16.9 6.9 23 18.0 1.1 
17.8 29 16.9 0.9 
Oct. 20 18.8 1.0 
Nov. 3 19.0 2.0 
Dec. 9 18.1 0.5 


* Microliter (ul.) CO: per milligram dry weight per hour. 
+ Hemoglobinuria present. 


Auditore et al. 


ACETYLCHOLINESTERASE IN PNH ERYTHROCYTES 


values obtained during a five-month period. 
No transfusions were given during these 
periods. There was very little fluctuation in 
enzyme activity in either patient. The de- 
gree of fluctuation noted might be explained 
by the technical variability of the enzyme 
determinations alone. There was also no 
significant alteration during hemoglobinuric 
episodes, and in other studies (not shown) 
no variations in daytime and nighttime 


AChE activity. 


Possibility of an Inhibitor in 
PNH Erythrocytes 


Prolonged incubation of normal red cells 
with PNH serum and PNH cells with nor- 
mal serum did not affect the respective 
cellular enzyme activities. This provides evi- 
dence against the presence of a circulating 
inhibitor of erythrocyte AChE in PNH. 

Heating of Erythrocytes—PNH cells 
were heated at 56 C for one hour. At this 
temperature the AChE activity was still fur- 
ther reduced, but addition of these cells to 
normal erythrocytes did not affect the ac- 
tivity-pS curves of the latter. Thus, no heat- 
stable inhibitor could be demonstrated in 
PNH cells. In similar experiments no heat- 
stable activator for the depressed AChE 
activity in PNH cells could be demonstrated 
in the red cells of a patient with pernicious 
anemia whose erythrocyte AChE activity 
was elevated during the period of reticulo- 
cytosis following cyanocobalamin therapy. 

In studies exploring the possible existence 
of a heat-labile inhibitor of AChE, PNH 
cells were mixed in varying proportions with 
normal cells and with pernicious anemia 
cells with elevated activity following cyano- 
cobalamin therapy. These mixtures were 
incubated for 15 minutes at 37 C prior to 
enzyme determinations. The activity of such 
mixtures was essentially the algebraic sum 
of the activities of the separate specimens. 
Sabine pointed out that such experiments 
are conclusive only at optimal substrate 
concentrations, and that they neither es- 
tablish nor disprove the presence of a com- 
petitive inhibitor.2? Sabine also observed 
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similar findings working with red cells iso- 
lated from a patient with pernicious anemia 
during both relapse and treatment.*!_ She 
concluded that the content of whatever acti- 
vators or inhibitors may be present in 
pernicious anemia cells are not much dif- 
ferent than those present in normal cells. 
Similar conclusions regarding PNH cells 
were reached from the results of our 
studies. 

Effect of Pyridine-2-Aldoxime (2-PAM ). 

AChE can be inhibited by low con- 
centrations of certain organophosphorus 
compounds, such a isoflurophate, tetra- 
ethylpyrophosphate (TEPP), and _iso- 
propoxymethylphosphonofluorate (Sarin). 
Inhibition is accomplished by phosphoryla- 
tion of the enzyme. The inhibited enzyme 
can be dephosphorylated and reactivated by 
such nucleophilic agents as pyridine, imidaz- 
ole, and hydroxylamine?” Grob and Johns 
found that the oxime pyridine-2-aldoxime 
methiodide restored to a moderate degree 
the activity of human erythrocyte AChE 
which had been inhibited by organophos- 
phorus anticholinesterase compounds.** Re- 
activation of the inhibited enzyme proceeded 
rather slowly. PNH _ erythrocytes from 
Cases 4, 5, and 6 were incubated at 37 C 
with concentrations of 2-PAM _ ranging 
irom 5X10-? to 5X10-*M for varying 
periods of time (1 to 48 hours). No change 
in the subnormal level of PNH erythrocyte 
AChE activity was noted. 
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Freezing and Thawing. 
thawing is a technique frequently employed 
to aid in the purification of enzymes. This 
procedure was used in an attempt to destroy 
or release any tightly bound inhibitor of 
AChE. Rapid freezing and thawing of PNH 
red cells for as many as 27 times did not 
alter the subnormal enzyme activity. 


Freezing and 


“In Vivo” Mixture of Normal and PNH 
Erythrocytes (Transfusion Experiments) 


The well-known finding that trans- 
fusion of washed red cells frequently 
abolishes a hemoglobinuric crisis was veri- 
fied in our experience.* For several weeks 
following such a transfusion the bouts of 
hemoglobinuria may cease or decrease in 
frequency. Others have suggested that trans- 
fusions not only halted the hemoglobinuria 
but decreased the absolute number of cells 
“susceptible” to in vitro hemolysis in acidi- 
fied serum.2* Furthermore, our earlier 
studies suggested that the rise in AChE in 
cells obtained from PNH patients following 
transfusions might be greater than that ex- 
pected from simple mixing of the two cell 
populations.’ Thus the possibility existed 
that normal cells might in some manner in- 
crease the enzyme activity in the PNH 
cells. For this reason transfusion experi- 
ments were carried out with normal washed 
cells tagged with Cr®?. 

Table 2 shows the results of one experi- 
ment. (Data of the second experiment are 


Cells from PNH Case 5 


Packed Cell Before 
Sample Donor Cells Transfusion 
AChE t AChE 
Top layer ~ 1.0 
Middle layer 18.0 4.6 
Bottom layer 17.3 5.6 


Volume of packed red cells in peripheral blood 


Theoretical 
After Transfusion Infused Post-Transfusion 
of Two Units of Normal Cells Erythrocyte AChE 
Normal Cells in Layers in PNH Patient * 


AChE 


AChE 


3.7 11.2 3.4 
7.7 
10.6 36.1 9.8 


28.2% 


* Data calculated from AChE values for donor cells, pretransfusion PN H cells, and percentage of normal infused cells (Cr*' tagged) 


in respective layers. Compare with manometrically determined post-transfusion AChE values in PNH patient. 


t Microliter CO: per milligram dry weight per hour. 
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not given, since the results were virtually 
the same.) After transfusion of 2 units of 
washed red cells, the tagged normal cells 
were not found equally distributed in the 
top and bottom layers. The top layer con- 
sisted of 11.2% normal transfused cells and 
88.8% patient’s own red cells. The distribu- 
tion for the bottom layer was 36.1% normal 
cells and 63.9% patient’s own cells. This 
unequal distribution of infused normal cells 
can be explained by the higher proportion 
of older red cells in normal blood than in 
PNH blood, in which the red cell life span is 
ordinarily greatly shortened. 

AChE activity was determined in top, 
middle, and bottom layers of samples from 
the tagged donor cells and from the PNH 
patient before and after transfusion. The 
far right-hand column in Table 2 shows the 
theoretic calculated value of erythrocyte 
AChE in the transfused PNH patient based 
on the assumption that this value is the re- 
sult of simple mixing. These values were in 
good agreement with the manometrically de- 
termined AChE activity in the post-transfu- 
sion cells (3.4 compared with 3.7 for the top 
laver and 9.8 compared with 10.6 for the 
bottom layer). Thus the increase in AChE 
activity after transfusion could be explained 
by simple algebriac summation of the ac- 
tivities of PNH and normal red cells 
termined 


de- 
separately. These findings are 
similar to those obtained with in vitro cell 
From these studies it 
appears unlikely that PNH differ 
significantly from normal cells in whatever 
content of activators or inhibitors of AChE 


they may contain. 


mixing experiments. 


cells 


The demonstrated preferential localiza- 
tion of transfused normal cells in the bottom 
layer of samples removed from PNH pa- 
tients has further implications. Previously 
reported erythrocyte AChE values for Case 
6 were higher than those recorded in the 
present communication, particularly in bot- 
tom-layer erythrocytes.’ The earlier samples 
were virtually all obtained during a period 
of two to four months following transfu- 
sions. Since this period falls within the life 
span of normal cells, an appreciable number 
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of normal transfused cells may have con- 


taminated the bottom-layer cells. Erythro- 
cyte specimens obtained when Case 6 was 
free of all transfused cells (i.e., more than 
four months after the last transfusion) have 
usually revealed virtually no AChE activity. 
lor practical purposes it is impossible to 
delay transfusions in most PNH patients 
for such long periods. Therefore, the ac- 
tivity of the top layer of PNH cells in the 
transfused patient should ordinarily be con- 
sidered a more accurate reflection of the true 
enzyme value for the PNH cell than the 
bottom layer or a mixed-cell sample. In 
any hemolytic disorder severe enough to re- 
quire transfusions, the best reflection of the 
status of the patient's own cells should be 
obtained from the top layer of cells centri- 
fuged at high speed. Such a principle may 
apply to serological, as well as to bio- 
chemical, tests. 


Genetic Studies 


In enzyme deficiency states there always 
lurks the suspicion of heritable transmission. 
However, PNH has not been detected in 
family members of patients.2> Dameshek 
reported PNH in one of identical twins, the 
other of whom remained well.** Yet if gene 
penetrance is as low as 20%-30% or simple 
Mendelian recessive inheritance is present, 
it may be extremely difficult to demonstrate 
heritable transmission, particularly in a dis- 
order as rare as PNH. 

Erythrocyte AChE activity, clinical his- 
tories, and blood counts were normal in 
three family members of Case 4 (two 
siblings and one child) and in nine of Case 
5 (both parents, four siblings, and three 
children). In instances of incomplete gene 
dominance, family members may have “low- 
normal” biochemical values for the defect. 
However, our preliminary studies suggest 
that the “scatter” of AChE values in family 
members was in the same range as the 
“scatter” for normal control subjects. Studies 
on family members of other PNH patients 
are in progress. 
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Available information suggests that the 
erythrocyte AChE enzyme may be similar to 
the AChE enzyme of nerve cells. However, 
there has been no clinical evidence to sug- 
gest deficient AChE activity of nerve cells 
in PNH, and direct biochemical studies are 
not feasible. 

The neurological complications occasion- 
ally seen in PNH have usually been ascribed 
to vascular accidents.2> Nevertheless, such 
evidence does not exclude genetic transmis- 
sion, since theoretically alternate metabolic 
pathways could compensate for and mask 
the effect of a genetic defect in the nerve 
cells. Furthermore, somatic mutation re- 
stricted to the marrow erythroblasts remains 
possible. 


Nature of the Acetylcholinesterase Defect 


The subnormal erythrocyte AChE ac- 
tivity could be the result of one factor or of 
a combination of several factors. It may be 
due to (1) reduced protein synthesis, (2) 
destruction, (3) inhibitor produced at the 
site of red-cell genesis, or (4) the manufac- 
ture by the bone marrow of a qualitatively 
abnormal enzyme. 

Although our studies do not necessarily 
prove or disprove the presence of a com- 
petitive inhibitor of AChE in PNH eryth- 
rocytes, they suggest that some biochemical 
abnormality present in the bone marrow re- 
sults in the formation of defective cells. 
The presence of a noncompetitive or tightly 
bound inhibitor produced in the bone mar- 
row also has to be considered, even though 
our studies provided no support for this con- 
cept. Enzyme purification studies should 
supply valuable information regarding the 
presence or absence of such an inhibitor. 
Studies of this type are now in progress. 

The possibility also exists that the struc- 
ture of the enzyme is abnormal. The active 
site of the AChE enzyme which is respon- 
sible for hydrolyzing acetylcholine is thought 
to be divided into two subsites (anionic and 
cationic).27_ It is possible that in PNH 
cells one or both sites may be physically 
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masked or distorted as a consequence of 
abnormal protein structure. 

The most attractive hypothesis consonant 
with available knowledge is that decreased 
enzyme or protein synthesis at the site of 
red cell production best explains the low 
AChE activity in PNH cells. This concept 
could be related to the electron microscopy 
observation that the PNH red cell mem- 
brane is patchy and pitted."* Since AChE 
is situated in the red cell membrane, the 
patches and pits may represent the absence 
of this enzyme. Cheli and Dianzani noted 


‘both a reduction in erythrocyte AChE and 


“irregular roughness and porosity” of the 
red cell membrane in experimental immune 
hemolytic anemia in guinea pigs.**?° 

Abnormal protein synthesis could be due 
to a number of factors. For example, cer- 
tain nucleic acids are thought to be inti- 
mately involved in protein synthesis. Crosby 
has suggested that PNH may be due to a 
permanent alteration of those parts of the 
reticuloendothelial system that produce the 
stromal proteins of blood cells.*5 Certain 
experiments with bacteriophage have sug- 
gested that infection of the host cell impairs 
its function in the synthesis of proteins 
(enzymes), perhaps by virtue of altering 
nucleic acid metabolism.” Viral etiology in 
PNH has not been eliminated.** It remains 
possible that a virus could alter nucleic acid 
in PNH and thereby lead to abnormal pro- 
tein synthesis. 


Significance of the Enzyme Defect 


It is obviously difficult to assess the sig- 
nificance of a defect in erythrocyte AChE 
in relation to the hemolysis of PNH cells 
when the physiological role of the enzyme 
itself is not fully understood. The equilibri- 
um between acetylcholine and its hydrolytic 
products 

Acetylcholine + HsO = Acetic Acid + Choline 
is dependent of pH.*! Regarding nerve tis- 
sue, it has been suggested that the acetyl- 
choline-cholinesterase system acts as a buffer 
in the nerve membrane, catalyzing the for- 
mation of acetylcholine as H+ —ions accum- 
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ulate during the conductive process.”” It 
remains possible that AChE plays a similar 
role in the erythrocyte, but since there is 
no conclusive evidence that red cells can 
synthesize acetylcholine in vivo, the func- 
tion of erythrocyte AChE remains obscure.*? 
It is conceivable that the erythrocyte enzyme 
may prevent the local accumulation of H+ 
—ions (such as would result from glycolysis 
or other metabolic processes), which, in 
turn, would damage the cell, possibly by 
altering the membrane permeability.** An 
earlier hypothesis that erythrocyte AChE 
governs potassium transport **** could not 
be substantiated in certain studies with 
enzyme-deficient PNH cells, since potassium 
transport was normal in such cells.* 
Erythrocyte AChE activity can be in- 
hibited by physostigmine. Working with 
such drug-inhibited cells suspended in iso- 
tonic solutions of choline esters, Holland 
and Graham concluded that the ability of 
mammalian erythrocytes to withstand the 
damaging effects of an increased H*—ion 
concentration was dependent on the AChE 
content of the red cell membrane.*® It was 
thought that the enzyme system acted as 
a buffer, in the manner suggested by Berg- 
mann and Shimoni.** This hypothesis would 
provide a neat explanation for the sus- 
ceptibility of the AChE-deficient PNH 
erythrocyte to hemolysis when the pH of 
the serum is lowered. However, employing 
the experimental design of Holland and 
Graham, we were unable to obtain evidence 
for this hypothesis when PNH cells were 
suspended in isotonic solutions of choline 
esters.36 The high concentrations of acetyl- 
choline used in such studies are unphysio- 
logical. Furthermore, definitive studies must 
include experiments with PNH cells sus- 
pended in serum and attempts to assess the 
buffer capacity of PNH cells and stroma. 
The subnormal erythrocyte AChE in 
PNH may be merely a reflection of de- 
creased stromal protein synthesis. Subnor- 
mal stromal protein concentration itself may 
result in reduced buffer capacity of the 
erythrocyte membrane and hence impaired 
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resistance to the damaging effects of in- 
creased H+—ion concentration. 

Torp demonstrated in rats that the splenic 
blood pH was lower than that of vena cava 
blood and suggested that, therefore, the 
spleen may provide ideal conditions for 
physiological hemolysis.*7 Thus this low pH 
would provide the maximum opportunity 
for hemolysis of PNH erythrocytes. How- 
ever, splenectomy has had little or no bene- 
ficial effect on hemolysis in PNH.* 
Furthermore, Torp also provided evidence 
that the low pH in rat splenic blood was 
due to the enzymatic hydrolysis of splenic 
acetylcholine by the AChE of the erythro- 
cytes sequestered in this organ. Even though 
the AChE-deficient PNH cells would theo- 
retically produce fewer H*+—ions, such 
cells, on the basis of the enzyme buffer 
system concept,*® might be more susceptible 
to H+—ions produced by other metabolic 
processes. 

From a clinical standpoint the absence 
of alteration in enzyme activity during 
hemolytic crisis and of any significant 
diurnal variation suggests that the AChE de- 
ficiency may not be fundamentally con- 
cerned with the hemolysis of PNH cells. 
However, the proportion of cells “suscepti- 
ble” to hemolysis at any given time may be 
relatively small (3%-33%)3* Any further 
reduction in enzyme activity in the very 
small proportion of “susceptible” cells may 
not be detectable when the entire popula- 
tion of red cells is analyzed for AChE ac- 
tivity by the presently available methods. 

Despite normal erythrocyte AChE activ- 
ity Case 11 had “persistent hemoglobinemia 
and frequent bouts of hemoglobinuria, espe- 
cially after being in bed for 6 to 8 hours.” 
Furthermore, Case 6, with the lowest eryth- 
rocyte AChE activity, has had a relatively 
benign course with only four episodes of 
hemoglobinuria in nine years.* Her trans- 
fusion requirements have been minimal. 
Following the correction of iron deficiency, 
the volume of packed red cells has stabilized 
at 30%-34%. 

There is also no clinical evidence that 
inhibition of erythrocyte AChE activity 
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results in a hemolytic disorder, Such has 
apparently not been noted in experimental 
and accidental poisoning with insecticides, 
such as Parathion.** Although jaundice 
has been noted, there has been no evidence 
to suggest any increased hemolysis.*® 

AChE deficiency is probably but one 
facet in a constellation of interrelated bio- 
chemical abnormalities in the PNH erythro- 
cyte. Therefore, judgment should be 
reserved regarding the role of deficient 
AChE activity in the hemolysis of PNH 
cells until the relationship of the enzyme 
to erythrocyte membrane pH and to the 
serum hemolytic system can be clarified. 
Such studies should also shed light on the 
physiological role of the enzyme relative to 
the erythrocyte. 


Summary 


Subnormal erythrocyte acetylcholinester- 
ase activity is reported in 10 of 12 patients 
with paroxysmal nocturnal hemoglobinuria. 
One of the patients with normal enzyme 
activity is in spontaneous remission, but 


the other has clinically active disease. 


The acetylcholinesterase defect was pres- 
ent in immature, as well as mature, erythro- 
cytes. 

There was no significant diurnal varia- 
tion in erythrocyte acetylcholinesterase ac- 
tivity, nor was there any change during 
hemoglobinuric crisis. 

Both in vitro and in vivo studies provided 
no evidence of any inhibitor of acetylcho- 
linesterase in the PNH erythrocyte. 

The nature and significance of the de- 
ficient acetylcholinesterase activity in PNH 
erythrocytes are discussed. 

We wish to express appreciation to Dr. Carl F. 
Hinz Jr., Western Reserve University School of 
Medicine; Dr. William H. Crosby, Walter Reed 
Army Medical Center; Dr. C. Lockard Conley, 
The Johns Hopkins School of Medicine; Dr. Jean 
C. Sabine, University of California Medical Center, 
and Drs. Stanley B. Troup and Lawrence E. 
Young, University of Rochester School of Medi- 
cine, for kindly providing the erythrocyte specimens 
or enzyme data from their PNH patients. We 
are grateful to Dr. Allan D. Bass, Department of 
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Pharmacology, Vanderbilt University School of 
Medicine, for aid in this study. 


Department of Medicine, Vanderbilt University 
School of Medicine. 


Addendum 


Recently De Sandre and Ghiotto reported 
reduced erythrocyte acetylcholinesterase ac- 
tivity in six of seven patients with PNH.*! 
Barry reinvestigated four of the six patients 
of Harris and his associates and reported 
normal phospholipids in PNH red cells.* 
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Cerebral infarction in man may produce 
brain swelling and increased intracranial 
pressure.'* This paper concerns the use 
of bilateral carotid ligation in rats to provide 
an experimental model for the study of 
massive cerebral infarction and _ swelling. 
Some of the factors affecting mortality 
following bilateral carotid ligation have been 
elucidated, as well as the anatomical signs 
of brain swelling following massive infarc- 
tion and the distribution of lesions in sur- 
viving rats. 


Methods 


Female albino rats, weighing 100-260 gm., of 
a Wistar-derived strain were used. Both common 
carotid arteries were doubly ligated and cut (with 
minimal trauma to accompanying nerves) in 
groups of 10 or 12 rats under pentobarbital or 
ether anesthesia. Rectal temperatures were meas- 
ured immediately after operation and occasionally 
thereafter. The rats were housed individually. The 
skulls of rats that died or were killed in moribund 
state were fixed in 10% formalin after opening 
the anterior ends, and decalcified in 9% nitric acid. 
A frontal cut was made 2 mm. anterior to the 
parietal-interparietal suture, passing just behind 
the corpus callosum. This left the posterior tips 
of the cerebral hemispheres lying free in the con- 
cavities of the two halves of the tentorium. The 
tentorial region was inspected by lifting out one 
or both hemispheric tips, which were then re- 
placed and the frontal slices completed. The 
slices, including almost the entire skull and brain, 
were embedded in paraffin and sectioned; in many 
cases serial sections were cut in the tentorial region. 
(Normal rats were treated in identical fashion, 
including serial sections, for comparison.) Sur- 
viving rats were killed with chloroform; usually 
brains of these rats were removed from the skulls 
before fixation. Sections were stained by hema- 
toxylin and eosin and by Luxol fast blue-periodic 
acid-Schiff-hematoxylin. 


Submitted for publication July 21, 1959, 
Department of Pathology, St. Francis Hospital. 
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Ischemic Infarction and Swelling in the Rat Brain 


SEYMOUR LEVINE, M.D., and MARVIN KLEIN, A.B., Jersey City, N.J. 


Results 


Mortality.—Bilateral carotid ligation was 
performed on a total of 200 rats, of which 
128 died during the first 24-hour period, 11 
died the day after surgery, and 16 died be- 
tween 2 and 6 days after surgery. Forty- 
five rats survived and were killed between 
two and six days after surgery. 

Mortality varied greatly from day to day 
in the early experiments. The impression 
that variation in mortality depended on the 
weather was investigated by controlled ex- 
periments on 46 rats performed on four 
warm, humid days. In each of the four 
experiments, the variation in weight among 
the rats was never more than 22 gm. The 
rats were selected at random, and bilateral 
ligation was performed serially. Immediately 
after ligation, the rats were removed to an 
air-conditioned room or left in the labora- 
tory, in alternating order. Only 2 out of 23 
rats survived 24 hours in the warm, humid 
environment of the laboratory, while 13 out 
of 23 rats survived in the air-conditioned 
room (Table 1). In addition, the duration 
of life among rats that died was prolonged 


TABLE 1.—Influence of Air Conditioning on 
Survival of Rats Following Bilateral 
Carotid Ligation Under 


Pentobarbital 
Anesthesia 
With Air Without Air 
Conditioning * Conditioning * 
Room Room 
Experiment Temp.,C Survivals Temp.,C Survivals 

1 24 2/5 29 0/5 

2 25 3/6 32 16 

3 25 3/6 33.5 0/6 

4 25 5/6 30 1/6 
Totals 13/23 2/23 


* Temperatures recorded are average afternoon readings on 
the day of ligation. Humidity was also decreased in the air- 
conditioned room, but no measurements were made. 
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an average of two hours by air conditioning. 
Rectal temperatures taken immediately after 
surgery varied from 33.6-38.0 C, but there 
was no correlation between this value and 
the outcome. The temperatures of almost 
all the rats in the air-conditioned room de- 
creased 1-4 C within a few hours after 
operation. In contrast, the temperature of 
almost every rat left in the warm laboratory 
showed no change or an increase of up to 
2.6 C; in other experiments elevations of 
up to 5.4 C have been observed. In an addi- 
tional experiment on 12 rats performed 
entirely with an air-conditioned environment 
the survival rate was not improved further 
by injection of 25,000 units of procaine 
penicillin G (three survivors out of six) as 
compared with alternated sham-injected 
controls (four out of six). 

The effects on survival of the anesthetic 
agent and the size of the rat were investi- 
gated in experiments on 44 rats conducted 
entirely without air conditioning. Alterna- 
tion of the anesthetic agent resulted in 
survival of 1 out of 10 ligated under ether 
and 4 out of 10 under pentobarbital anes- 
thesia; it is uncertain whether this differ- 
ence is significant. Alternation of size of 
rat resulted in survival of 3 out of 12 large 
(230 gm.) rats and 3 out of 12 small (100 
gm.) rats. 


Fig. 1.—Tentorial pressure grooves on posterior 
aspect of cerebral hemispheres. Scale in milli- 
meters. 


Levine—Klein 


The brains of all rats from the above 
experiments, plus an additional 98 rats sub- 
jected to bilateral ligation, were studied 
pathologically. The latter group, most of 
which were ligated without benefit of air 
conditioning, included preliminary studies of 
the influence on survival of urea, chlor- 
promazine, and induced hypothermia. We 
have not, so far, been able to improve the 
survival rate with these methods, although 
hypothermia prolonged life. 

Pathologic Findings——Most of the rats 
that died or became moribund within 48 
hours after bilateral carotid ligation showed 
cerebral infarction and swelling. Necrosis 
usually involved most of both hemispheres, 
diencephalon, and tectum of the midbrain, 
but in some cases it was unilateral. Necrosis 
was detectable and distinguishable from 
postmortem autolysis in rats that died as 
early as three to four hours after ligation: 
early changes were perivenous in location. 
There were neuronal shrinkage, nuclear 
pyknosis or pallor, widening of perineuronal 
and pericapillary spaces, rarefaction and 
vacuolation of intercellular tissue, and vas- 
cular congestion. The anterior pituitary 
often showed necrosis, which varied from 
focal to subtotal in extent and was charac- 
terized by nuclear shrinkage and pyknosis 
and by cytoplasmic eosinophilia and vacuola- 
tion. 

Forebrain swelling was detected grossly 
by the presence of curved grooves on the 
posterior aspects of the cerebral hemi- 


Fig. 2.—Cerebral hemispheres (posterior tips) 
with tentorial pressure grooves (top center, bottom 
left and right), compared with normals (top left 
and right, bottom center). Scale in millimeters. 
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Fig. 3.—Groove pine herniation around edge of 
dural tentorium. Midbrain is on right. Hema- 
toxylin and eosin stain; x 30. 


spheres (Fig. 1), which appeared in rats 
that lived at least 8-12 hours. Some normal 
brains showed slight indentations, but this 
was Clearly distinguishable from the deeper, 
sharper grooves due to pressure of the 
swollen forebrain against the rigid bony 
and dural tentorium (Fig. 2). In some 
cases, the tentorial incisura around the mid- 
brain was widened, thereby exposing a por- 
tion of cerebellum to view from the front. 
Histologic serial sections of the tentorial 
area often showed the groove. The sections 


Fig. 5—Herniation of cerebral tissue between 
dural tentorium (left) and midbrain (right). The 
posterior cerebral artery passes between the 
herniated tissue and the midbrain. Hematoxylin 
and eosin; xX 125. 


. ARCHIVES OF PATHOLOGY 


Fig. 4.—Herniation of cerebral tissue between 
bony tentorium (left) and midbrain (right). The 


herniated tissue shows severer necrosis and edema 
than contiguous areas. 
30 


Hematoxylin and eosin; 


showed herniation of cerebral tissue around 
the tentorial edge (Figs. 3, 4, 5). The 
herniated tissue showed severer edema and 
necrosis than contiguous areas (Fig. 4). 
This proved that the herniation occurred 
during life, as did the presence of the 
groove in rats that were killed, as well as 
in rats that died; the groove was not pro- 
duced by permitting the head of a normal 
rat to autolyze. 

Other signs of swelling were detected 
more readily by histologic than by gross 
examination. In a few cases, the postero- 


Fig. 6—A tongue of hippocampal tissue ex- 
tends between diencephalon (right upper quad- 
rant) and trigeminal nerve (left lower 
quadrant) and is indented by the posterior 
ary (arrow). Hematoxylin 
and eosin; X 3 
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inferior extremity of the hippocampus 
herniated downward between the ventral 
surface of the diencephalon and the tri- 
geminal nerve (Fig. 6). In serial sections, 
this appeared to be a continuation’ of the 
transtentorial herniation described above, 
and, in fact, the trigeminal nerve was 
partly covered by a thin bony prolongation 
of the bony tentorium, The herniated hippo- 
campal tissue was usually indented by the 
posterior communicating artery (lig. 6). 
Indentations of cerebral substance by 
arteries were noted in other areas. Most 
prominent was indentation of the pons by 
the anterior end of the basilar artery. Ina 
few cases, the indentation was so deep that 
the artery was almost completely surrounded 
by pontine tissue (lig. 7). 


Fig. 7—Anterior end of the basilar artery 
almost completely surrounded by pontine tissue. 
Hematoxylin and eosin; X 125. 


In frontal sections of the brains of nor- 
mal rats, the configuration of the dorso- 
medial cortex of each hemisphere consisted 
of a smooth curve, with convexity facing 
the superior longitudinal sinus (Fig. 8). In 
rats with bilateral swelling, the configura- 
tion in this area was that of a right angle; 
thus the medial cortices of the two hemis- 
pheres were in close apposition, instead of 
diverging gradually near the superior longi- 
tudinal sinus (Fig. 9). This change often 
appeared early after ligation (three to four 
hours) and was prominent in the posterior 
half of the hemispheres. In rats with uni- 
lateral swelling, the configuration was an 
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Fig. 8.—In a normal rat, the configuration 
of the dorsomedial cortex of each hemisphere 
consists of a smooth curve with convexity 
facing the superior longitudinal sinus. Compare 
Figure 9. Hematoxylin and eosin, x 30. 


obtuse angle on one side and an acute angle 
on the other side, with the medial cortex 
of the swollen hemisphere bulging. into the 
normal hemisphere. 

At the posterior ends of the hemispheres 
of normal rats, the medial surfaces were 
separated by the pineal, which had a round 
or oval cross section with dorsal indenta- 
tion by the overlying venous sinus (Fig. 
10). In rats with swelling of the hemi- 
spheres, the pineal was compressed into a 


Fig. 9—In a rat with bilateral forebrain 
swelling, the configuration of the dorsomedial 
cortex of each hemisphere is that of a right 
angle. The medial cortices of the two 
hemispheres are in close apposition, instead of 
diverging gradually near the superior longi- 
tudinal sinus. Hematoxylin and eosin; x 30. 
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triangular shape with apex downward (Fig. 
11). The tectum of the midbrain, just 
below the pineal, was compressed and nar- 
rowed by the same mechanism. The pituitary 
was flattened, and the internal carotid artery 
grooves were deeper than normal. 


Fig. 11.—In a rat with forebrain swell- 
ing, the pineal is compressed into a 
triangular shape between the two swollen 
hemispheres. The tectum of the midbrain 
(below pineal) appears compressed also. 
Hematoxylin and eosin; XX 30. 


Focal Lesions.—The incidence and dis- 
tribution of focal ischemic lesions were 
studied in rats that lived two to six days 
after bilateral carotid ligation. During this 
period 16 rats died (5 had brain lesions) 
and 45 rats were killed (19 had brain 
lesions). The areas involved in the 24 rats 
with lesions are indicated in Table 2. Cere- 
bral cortex and corpus striatum were in- 
volved in most instances. The cortex showed 
small, round, unilateral or bilateral foci of 
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Fig. 10.—In a normal rat, the pineal 
has a rounded cross section, indented by 
the overlying venous sinus. Compare 
Figure 11. Hematoxylin and eosin; & 30 


necrosis (Fig. 12) without predilection for 
a particular lamina, but occasionally there 
was laminar or isolated neuronal necrosis. 
Only a few rats showed massive cortical 
destruction; these were invariably uni- 


lateral, probably because rats with bilateral 


TasLe 2.—Distribution of Focal Brain Lesions 
Found in Twenty-Four Out of Sixty-One Rats 
That Survived Two to Six Days Following 
Bilateral Common Carotid Artery Ligation 


No. of Rats with 
Lesions in Stated 
Region 


Cerebral cortex 20 
Corpus striatum (gray matter only) 

Corpus striatum (gray and white matter) 
Hippocampus 

Corpus callosum and callosal radiation 
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Fig. 12—Focal ischemic necrosis in 
cerebral cortex. The neurons are shrunken 
and the intercellular tissue vacuolated. 
Hematoxylin and eosin; 125. 


lesions of comparable severity died early. irregularly distributed, unilateral or bi- 
The corpus striatum, in fact most of the lateral, patchy areas of necrosis of gray 
hemisphere, was involved in these few mas- matter (Fig. 13). The white matter was 
sive unilateral lesions. More frequently, in- involved also in a few rats, but no selective 
volvement of the striatum consisted of lesions of white matter were observed. One 


Fig. 13.—Ischemic necrosis of gray 
matter of corpus striatum. The shrunken 
necrotic neurons on the left contrast 
with the single intact neuron on the right. 
Hematoxylin and eosin; > 500. 


Fig. 14—Ischemic necrosis of 
white matter of callosal radiation 
in a rat that had relatively minor 
damage to cortex and striatum. 
Luxol fast blue-periodic acid- 
Schiff-hematoxylin; X< 30. 
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Fig. 15.—Ischemic necrosis of one optic nerve 
in a rat that had severe unilateral infarction. 
Luxol fast blue-periodic acid-Schiff-hematoxy- 
lin; 30 


rat showed bilateral symmetric necrosis of 
gray and white matter of the striatum, of 
the type observed commonly in histotoxic 
anoxia (cyanide, azide). 

Hippocampal lesions were relatively few. 
There was severe necrosis only in the cases 
of massive unilateral damage. The others 
showed mild injury with necrosis of scat- 
tered neurons. Lesions of the corpus callo- 
sum and callosal radiation were commoner 
than expected. A few occurred in rats with 
massive hemispheric necrosis, but others 
appeared as plaques of necrosis (Fig. 14) 
in rats that had only mild or moderate 
damage to cortex and striatum. In a few 
rats with extensive destruction, there was 
involvement of optic nerve (Fig. 15) and 
chiasm, thalamus, hypothalamus, and lateral 
olfactory tract (Fig. 16). 


Fig. 16—Focal ischemic necrosis in lateral 
olfactory tract. Same rat as Figure 15. Luxol 
fast  blue-periodic acid-Schiff-hematoxylin; 
X 125. 
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Comment 


Mortality. —Chang and Liu * reported that 
all of 10 rats (size and sex not stated) 
died within 24 hours after simultaneous 
bilateral carotid ligation.* contrast, 
Jilek * reported only 40% mortality within 
24 hours in rats weighing 140-300 gm. and 
71% mortality in rats less than 140 gm. in 
weight but more than 32 days of age. In 
addition to probable differences in strain, 
sex, size, diet, and surgical technique, our 
results point to atmospheric conditions as 
a possible explanation for this discrepancy 
(Table 1). Jilek kept his animal room at 
26 C, and his mortality rate, of 409%, is 
similar to our rate of 43% obtained in air- 
conditioned quarters. Chang and Liu prob- 
ably did not have air-conditioning facilities, 


* Chang and Liu* obtained survivors by allow- 
ing an interval of 2-14 days between the two liga- 
tions. Impaired maze performance was attributed 
to cerebral anemia, while the possible role of brain 
lesions was ruled out by negative histologic study 
of a number of brains. These conclusions are 
not completely admissible, because not all the 
brains were studied, nor was it indicated whether 
each brain was sectioned in entirety. Many of 
the lesions found in the present experiments were 
small and easily missed; probably the incidence of 
survivors without brain lesions would decrease if 
serial sections were made. The present paper con- 
cerns only simultaneous bilateral ligation, but sim- 
ilar lesions have been observed when the ligations 
were separated by an interval; recently we have 
observed an ischemic lesion after unilateral ligation 
in a single rat. Therefore brain lesions may have 
played a part in the impairment of maze perform- 
ance observed by Chang and Liu. 
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and their rate, of 100%, is close to our rate 
of 91%, obtained on warm days without 
benefit of air conditioning. Our data suggest 
that the beneficial effect of air conditioning 
and the adverse effect of warm environment 
were mediated by fall or rise in body tem- 
perature. It is not certain whether a dis- 
turbance of thermoregulation due to ischemia 
or necrosis of the hypothalamic centers was 
involved. A warm, humid environment in- 
terferes with the normal process of heat loss, 
and this causes disturbance of many body 
functions. In addition, a warm environment 
causes a decrease of blood pressure,®* and 
this, in turn, may cause failure of the col- 
lateral circulation,’ with disastrous conse- 
quences. On the other hand, air conditioning 
facilitates normal heat loss, and any result- 
ing hypothermia increases the resistance of 
the brain to anoxia.+ It has been shown 
that air conditioning has beneficial effects 
on many patients with heart disease and 
other conditions,* and the present results 
suggest that patients with cerebral infarc- 
tion may receive similar benefit. 

Brain Swelling—The signs of brain 
swelling that have been described are due 
to the enlarged forebrain filling out all avail- 
able space in front of the tentorium, dis- 
placing cerebrospinal fluid, compressing 
venous sinuses, and pushing into the 
posterior fossa. Certain of the signs are 
exactly comparable to the tentorial pressure 
groove, uncal herniation, and flattened gyri 
observed in humans with supratentorial 
swelling or space-occupying lesions. How- 
ever, brain-stem hemorrhages and aqueduct 
obstruction were not observed in the rats. 

Lindenberg® has pointed out that in- 
creased intracranial pressure can lead to 
compression of various arteries and conse- 
quent secondary ischemic lesions in humans. 
Wheatley '° showed that forebrain swelling 
with resultant vascular obstruction at the 
level of the tentorium was responsible for 
+ The factor of dehydration in rats kept in a 
warm environment might be expected to reduce 


brain edema; yet these animals showed higher 
mortality. 
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death in cats given large doses of sodium 
cyanide. Although the posterior cerebral 
artery of the rat passed between the mid- 
brain and transtentorial herniated cerebral 
tissue (Fig. 5), we have no proof of com- 
pression; the occurrence of arterial grooves 
in the brain (Figs. 6, 7) suggested that 
the brain rather than the arteries was com- 
pressed. Be that as it may, brain swelling 
certainly can compress veins, capillaries, 
and arterioles. The resultant interference 
with collateral circulation, verified by direct 
observation through a skull window by 
Meyer, can lead to a vicious circle of in- 
farction and_ swelling, terminating in 
death.2! In the present experiments it was 
noted that almost all the rats that escaped 
massive infarction and early death suffered 
focal lesions of relatively slight or moderate 
extent or had no lesions at all. Only four 
rats with fairly extensive necrosis survived 
48 hours, and the lesions were unilateral in 
all. The paucity of such instances may be 
due to a vicious circle if we assume that 
infarctions beyond a certain threshold of 
severity, especially if bilateral, are associated 
with so much swelling as to produce more 
infarction, and so on. 

Focal Lesions.—It is remarkable that bi- 
lateral carotid ligation, performed with 
standardized technique, produced results 
varying from nil (37 rats) to massive fatal 
infarction (139 rats). Probably, this varia- 
tion is due to individual differences in col- 
lateral circulation. The intermediate group, 
of 24 rats, that survived two days or more 
with focal ischemic brain lesions is of 
especial interest, because the areas involved 
may represent the regions of the normal 
brain with the most tenuous balance between 
blood supply and metabolic demand. Unfor- 
tunately, the results with carotid-ligated rats 
cannot be extrapolated back to the normal, 
intact animal because the experimental pro- 
cedure has not merely reduced the flow 
in the carotid system, but has increased the 
importance of the collateral circulation, so 
that the latter becomes the limiting factor 
which determines the outcome. With this 
reservation in mind, it is nevertheless of in- 
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terest to note the preponderance of lesions 
in cerebral cortex and corpus striatum 
(Table 2), which is in accord with the high 
rates of metabolism recorded for these re- 
gions." On the other hand, the hippo- 
campus, usually regarded as highly vulner- 
able to anoxia (due to special features of 
its vasculature * ), showed fewer lesions. It 
is difficult to explain this or to correlate it 
with Hicks’ observation * that the rat hip- 
pocampus was spared after asphyxia in 
nitrogen, and our previous observation 
that it was the most vulnerable region when 
anoxic anoxia (nitrous oxide or nitrogen) 
and ischemia (unilateral carotid ligation) 
were combined. 

The lesions of corpus callosum and cal- 
losal radiation were more numerous than 
might be expected, in view of the low 
metabolic demand of white matter. The le- 
sions were single or multiple foci of necrosis 
(Fig. 14) which showed no preference for 
any special part of these structures and 
which never reproduced the characteristic 
symmetrical midline lesion of cyanide in- 
toxication.1*?® While not contraverting the 
premise that cyanide affects white matter 
because of the paucity of cytochrome 
oxidase’? the present results suggest the 
possibility that the exact localization of 
cyanide lesions in corpus callosum and cal- 
losal radiation may be due, in part, to rela- 
tively poor blood supply of these white 
matter areas. This conforms to Hicks’ con- 
clusion 1 that the “vulnerability of various 
parts of the nervous system to metabolic 
injury must be considered to be compounded 
of several factors.” 

A pplications.—Bilateral carotid ligation in 
rats may prove to be a useful method for 
evaluating therapy for brain infarction and 
swelling, providing alternate controls and 
attention to climatic factors are incorporated 
into the experimental design. Cold injury 
has been used in therapeutic experiments on 
larger animals '*; the lesions differed in be- 
ing hemorrhagic. Possible advantages of the 
method presented here include speed and 
simplicity of the operative procedure, low 
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cost of rats as test animals, and easy recog- 
nition of swelling by gross or microscopic 
criteria. 


Summary 


Bilateral carotid ligation in rats provided 
an experimental model for the study of 
cerebral infarction and swelling. The mor- 
tality depended on the weather and was 
greatly reduced by use of air conditioning 
on warm days. Rats that died of infarction 
showed cerebral swelling, manifested by 
tentorial pressure grooves, arterial indenta- 
tions, close apposition of medial cortices of 
the two hemispheres, and pineal and mid- 
brain compression. There was evidence of 
a vicious-circle mechanism, involving in- 
farction and swelling. Less than half of the 
surviving rats showed lesions; these involved 
cerebral cortex and corpus striatum, and, 
less frequently, hippocampus, corpus cal- 
losum, callosal radiation, and other areas. 
The patchy involvement of white matter sug- 
gested that vascular factors may play a role 
in the localization of leukoencephalopathy 
due to cyanide. 


Department of Pathology, St. Francis Hospital, 
25 E. Hamilton Pl. (2). 
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“Bronchiolar Emphysema of the Lungs’ 


Report of a Case 


H. T. RAVINES, M.D., Arequipa, Peru 


In 1957 Siebert and Fisher? reported two 
cases of unusual pulmonary disease and re- 
viewed 10 similar cases from the literature. 
On the basis of what they considered the 
principal site of the morphologic alteration, 
these authors proposed the name “bronchio- 
lar emphysema” to replace the terms cystic 
cirrhosis of the lungs, or muscular cirrhosis 
of the lungs.* The morphologic characteris- 
tics of this unusual entity had been pre- 
viously described by von Stéssel,* Calma,* 
and Rubenstein, Gutstein, and Lepow.® As 
the condition is rare, it is worth while to 
report an additional case which shows many 
of the characteristic features of the cases 
previously described. 


Report of Case 


The patient, a 78-year-old white woman, was 
admitted to the University of Kansas Medical 
Center five days before death, complaining mainly 
of severe dyspnea and generalized weakness. Her 
past history revealed that for the past four years 
she had had progressive dyspnea on exertion and 
a chronic productive cough. She had been treated 
with digitalis without any improvement. On the 
day prior to her hospitalization she had had a 
small hemoptysis. 

On physical examination she was found to be 
intensely dyspneic. Her blood pressure was 110/70 
mm. Hg; pulse 110 per minute and _ regular. 
Auscultation of the chest revealed moist 
in the lower half of both lungs. Roentgenologic 
studies of the chest revealed a diffuse patchy 
infiltration fanning out from the hilus into both 
lung fields. The heart showed sinus tachycardia. 
The liver was enlarged 2 fingerbreadths below the 
right costal margin. 
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Electrocardiographic studies suggested myo- 
cardial ischemia. Hematocrit was reported as 55% ; 
hemoglobin was 15.6 gm, %. The white blood 
cell count was 11,000 per cubic millimeter. The 
blood carbon mEq. per liter; 
sodium 135 mEq. per liter, and potassium 3.8 mEq 
per liter. 


dioxide was 22.2 


Her hospital stay was characterized by severe 
dyspnea, cyanosis, and mental confusion. Her con- 
dition deteriorated rapidly, and she eventually died 
in respiratory failure. 

Gross Findings 

At autopsy the thorax was seen to be slightly 
barrel-shaped. The salient pathological features 
were confined to the heart and lungs. The lungs 
weighed 1,400 gm. There were fibrous adhesions 
over both upper lobes. On external examination 


Fig. 1—The lung surfaces are markedly rough- 
ened by projecting nodules and show an appearance 
similar to that seen in hepatic cirrhosis. 
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Fig. 2—Honeycomb lung with cysts surrounded 
by fibrous tissue. To lower right there is a rela- 
tively normal bronchus. 


the entire pleural surfaces of the lungs showed 
a bosselated appearance, similar to that seen in a 
liver with portal cirrhosis (Fig. 1). At the periph- 
ery of the lower lobes a few emphysematous 
blebs, averaging 0.7 cm. in size, were present. On 
sections both lungs showed a honeycombed ap- 
pearance (Fig. 2); numerous cysts containing air, 
ranging from 0.15 to 0.5 cm. in diameter, through- 
out the parenchyma were separated by thick fibrotic 
walls. There were scattered areas of lung tissue 
which were brownish-red in color and appeared 
consolidated. No obviously normal lung tissue was 
present. The large bronchi showed no significant 
changes. 

The smaller bronchi of the third order showed 
mild diffuse dilatation. Their mucosa was smooth, 
and grayish in color, with faint transverse plicae. 


Fig. 3—Note_ well- 
vascularized fibrous tis- 
sue forming the walls of 
cystic bronchioli and_ re- 
placing pulmonary paren- 
chyma. The tissue shows 
bundles of hypertrophied 
smooth muscle within the 
cyst walls and a diffuse 
infiltrating by inflamma- 
tory cells. The cysts 
contain an inflammatory 
exudate. Hematoxylin 
and eosin stain; reduced 


to 88% of mag. X 40. 


Ravines 


Occasional areas of mucosal ulceration were noted. 
No direct continuity could be traced on gross ex- 
amination between the bronchi and the cysts. 

In addition, the right apex contained two areas 
of fibrous scarring, averaging 1.3 cm. each. A 
calcified nodule, measuring 1.5 cm. in diameter, was 
found near the hilus of the left upper lobe. A 
solitary 0.5 cm. rubbery nodule was seen in the 
middle of the parenchyma of the right upper lobe. 
The tissues surrounding the nodule did not show 
scarring. 

The pulmonary artery disclosed a few small 
atheromatous plaques, but did not appear dilated. 
The branches of pulmonary arteries showed 
marked atherosclerosis. The heart weighed 390 
gm.; it showed marked hypertrophy and dilatation 
of the right ventricle, the right atrium, and the 
infundibulum of the pulmonary artery. 

No significant lesion was noted in the remaining 
organs apart from passive congestion. 

Microscopic Observations 

Microscopic sections of both lungs showed 
similar diffuse structural changes, tending 
to be most marked toward the periphery. In 
sections of many areas normal lung tissue 
was not observed, the parenchyma of the 
lung being replaced by dense fibrous tissue 
in which numerous cysts of varying size 
and shape were present. These cysts were 
lined by columnar, cuboidal, and flattened 
epithelium, which had ulcerated in many 
areas. In other areas squamous metaplasia 
was noted. The walls of the cysts consisted 
of vascular fibrous tissue, which also had 
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replaced the normal parenchyma (Fig. 3). 
This tissue was composed of interlacing 
bands of collagen and reticulin and frag- 
mented elastic fibers, and was extremely 
vascular, containing numerous small blood 
channels lined by thin endothelial cells. The 
tissue showed a diffuse infiltration of poly- 
morphonuclear leukocytes, lymphocytes, and 
mononuclear cells, extending throughout the 
lung. The most interesting feature, how- 
ever, was presence of numerous irregular 
bundles of hypertrophied smooth muscle 
(Fig. 3). While in many areas these ap- 
pear related to the cyst walls, in others they 
were scattered haphazardly through the 
tissue. 

Although the above changes predomi- 
nated, in some areas foci of relatively nor- 
mal parenchyma remained, the alveolar walls 
showing slight to moderate fibrosis with 
alveolar and bronchiolar dilatation. Many 
of these alveoli had a cuboidal lining and 
contained varying numbers of macrophages. 

In a few places the acute inflammation 
predominated, with fibrin membranes lin- 
ing the alveolar walls. In a few areas fi- 
broblastic organization of the intra-alveolar 
exudate was found. Occasional small “tu- 
morlets”* of transitional or squamous 
epithelium were seen in the scarred areas 
of both lungs. No significant changes were 
seen in the bronchi. There was moderate 
thickening of the walls of the small muscular 
arteries and arterioles. 


Comment 


The outstanding features of this case were 
(a) damage of the pulmonary parenchyma 
with dilatation of bronchioles and diffuse 
chronic inflammation, and (6) hypertrophy 
and hyperplasia of smooth muscle in peri- 
bronchiolar and perivascular and within 
fibrotic areas. 

Whether the primary damage is bronchio- 
lar or secondary to inflammation remains 
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obscure. Siebert and Fisher attributed the 


pathogenesis of this disease to congenital 
“respiratory hypoplasia’; nevertheless, it 
should be noted that 8 out of the 13 re- 
ported cases occurred in persons over 40 
years of age. 

The smooth muscle present probably came 
from bronchiolar walls. Liebow, Loring, 
and Felton* (1953) have studied several 
identifiable sources of hyperplasia of smooth 
muscle in certain types of chronic pulmonary 
disease. In the present case, as in those 
previously reported, there was constant 
association between fibrosis and smooth- 
muscle increase and diffuse chronic inflam- 
mation (bronchiolitis ). 


Summary 


An unusual case of chronic pulmonary 
disease is presented, the pathogenesis of 
which remains obscure. 


Department of Pathology, School of Medicine, 
University of San Agustin Faculty of Medicine, 
Casilla 714, Arequipa, Peru. 
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Occurrence of Pulmonary Edema in Sudden 


Asphyxial Deaths 


HENRY E. SWANN Jr., Ph.D., Pittsburgh 


The term “pulmonary edema” is com- 
monly associated with a variety of clinical 
conditions and often appears in the clinical 
descriptions of many diseases. Frequently 
it is found in the protocols of human 
autopsies covering a wide variety of deaths. 
The terms “lung edema” and “edema” are 
also used in place of pulmonary edema. 
Henneman,' in a review of the literature, 
listed the many diseases or deaths in which 
edema had been reported to appear during 
the progress of the disease or was observed 
at autopsy. These diseases included various 
cardiovascular, renal, and hepatic diseases, 
infections, central nervous system disease 
or damage, drowning, toxic gases of in- 
dustry and warfare, and many other con- 
ditions. 

Durlacher et al.* considered pulmonary 
congestion and edema a true postmortem 
phenomenon, which could develop during 
the first few hours of the postmortem 
period in rabbits killed by pentobarbital 
(Nembutal), magnesium sulfate, intrave- 
nous air, electrocution, rabbit punch, and 
the inhalation of ether. They also stated 
that autopsy in humans is usually delayed 
several hours and that pulmonary edema 
and congestion are almost constant findings 
and may result from postmortem change. 

The present study was an attempt to de- 
termine which cases of sudden death might 
present edema, and especially whether those 
of an asphyxial nature did when autopsy 


~ Submitted for publication June 22, 1959. 

This study was submitted as part of a doctorate 
thesis to the Graduate School, University of Mary- 
land. 

The work was performed at the Office of the 
Chief Medical Examiner, State of Maryland, and 
the Department of Legal Medicine, University of 
Maryland School of Medicine and College of 
Physicians and Surgeons. 


was performed as soon as possible after 
cessation of heart action. Also, whether the 
microscopic appearance of the lungs in sud- 
den asphyxial deaths was similar to that of 
disease deaths. 


Methods 


Lung tissues were taken from human cases of 
sudden asphyxial death. In all of the 70 cases 
studied, the victims were apparently in good health 
before their accident. Most of the victims had 
died in a few minutes after the accident, and all 
were dead on arrival at the hospital. The autopsy 
was performed as soon as possible after death. 
The postmortem interval (PMI) was estimated 
as close as possible when not definitely known. 
This estimation is indicated by a question mark 
(?) in the Table. The cases included death by 
drowning, cardiac failure, brain injury, strangula- 
tion, carbon monoxide, natural gas, Freon gas, 
suffocation, barbiturates, electrocution, exsangui- 
nation, and the ingestion of paraldehyde, phos- 
phorus, phenol, and mercury bichloride. 

The thoracic, abdominal, and cranial organs 
were removed at autopsy. Gross examination was 
made immediately, and microscopic examination 
later in order to determine whether any previous 
lung disease was involved in the edema formation. 

Two slices of tissue were taken from each lobe 
in order to give good representation of the lungs. 
The slices were cut about 4 in. in thickness and 
a6 parallel to the diaphragmatic surface of the 
lungs as possible. These tissues were fixed in 10% 
formalin for 24 hours. Then the tissues were cut 
into thin rectangular blocks, about 4% in. in thick- 
ness, placed in small metal containers, and again 
fixed in 10% formalin for 16 hours. After fixa- 
tion, the tissues were washed in tap water for 
four hours, then placed in the Autotechnicon in 
order to be taken through the alcohols and Doxane 
and embedded in paraffin. Sections were cut at 
6m to 84 and then stained with hematoxylin and 
eosin. 

Microscopic observations were made using the 
x 25, & 100, & 450, and X 900 magnification. The 
microscopic observations are recorded in the Table. 
Photomicrographs were made of typical or unusual 
sections. 
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Results 


The 70 cases were arranged under head- 
ings of drowning, cardiac failure, brain 
injury, strangulation, and miscellaneous in- 
jury, which carbon monoxide 
poisoning, gas asphyxias, suffocation, bar- 
biturate narcosis, electrocution, exsanguina- 


included 


tion, and the ingestion of paraldehyde, 
phosphorus, phenol, and mercury chloride. 
The lesions to be sought were established, 
and arbitrary standards for degrees of se- 
verity were set up in order to help categorize 
the main features of the pulmonary pathol- 
ogy. The qualitative data are presented in 
the Table. The results described below were 
drawn from the microscopic observations. 
Individual cases or a group of cases were 
described, and then all cases were consid- 
ered as a whole and generalizations drawn 
which include most of the cases. 

Drowning.—The 15 patients had drowned 
either in fresh or in brackish water. Death 
occurred quickly, and in no case was there 
evidence of any previous lung disease. 
There was only one person with free alveo- 
lar hemorrhage, and this person had received 
a blow on the head before submersion. 
There were three cases of vascular conges- 
tion; one had a medium degree of severity, 
and the others each had a light degree. One 
of these persons was involved in an airplane 
crash; another jumped off a bridge, and the 
third was reported to have been trapped 
20 ft. below the surface before drowning. 
The 11 other persons were involved in 
swimming or boating accidents without un- 
usual circumstances. These cases yielded 
sections which were without hemorrhage 
and vascular congestion. 

All 15 human lungs had sections which 
contained alveolar phagocytes. These phago- 
cytes or macrophages were large cells each 
with small nucleus, and a great amount of 
cytoplasm crammed with golden-brown pig- 
ment, which was hemosiderin and anthracot- 
ic dust. Occasionally, these phagocytes were 
found separately in the alveoli, but they 
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were also scattered or in groups within the 
alveoli. Mostly they were free of, or in the 
pink-staining, stringy or granular coagulum 
in the alveoli taken to represent pulmonary 
edema (Fig. 14, B, C, D). The lung sections 
of three patients contained phagocytes of a 
slight degree, while the lungs of nine per- 
sons had phagocytes of a medium degree 
and three had a heavy degree of alveolar 
phagocytes. The case with hemorrhage and 
the cases with congestion had phagocytes 
of a medium degree. 

All 15 cases had sections which contained 
edema, varying in distribution and extent. 
Some areas had microscopic fields without 
edema, while other adjacent fields showed 
edema. In some areas the edema seemed to 
have involved a respiratory unit or group 
of respiratory units, Miller* refers to these 
as primary lobules or secondary lobules. 
Even in individual lobules, it apparently did 
not fill all alveoli, air sacs, or atria. The 
alveoli were not always full of fixable and 
stainable edema fluid. In many instances the 
stainable edema fluid appeared at the bord- 
ers of the alveolus, and not in the center 
(Figs. 14 and 4B). The clear areas in the 
alveoli represented air, as gross observations 
on the lungs of drowned animals have indi- 
cated that these lungs contain minute air 
bubbles. 

The edema fluid in the drownings ap- 
peared as a pink, stringy coagulum (Fig. 
1A), or as both stringy and granular ( Fig. 
1C), or as entirely granular (Fig 1D). The 
involvement by edema ranged from the 
barely detectable (Fig. 48) to the near-com- 
plete inundation of most of the alveoli ( Fig. 
4D). The edema was severe in only two 
cases. There were seven cases of edema to 
a medium degree and six in which the 
edema was light. These measurements were 
not quantitative; however, the edema, though 
moderate in degree, was fairly extensive 
throughout the lungs. 

The peribronchial, perivascular, and sub- 
pleural lymphatics in most cases were not 
dilated. In the lungs of two of the victims 
drowned in brackish water, one of whom 
was known to have received a blow on the 
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Fig.’ 1—Photomicrographs of the lungs of drowned humans: formalin-fixed, - paraffin- 
embedded, hematoxylin-and-cosin-stained ; reduced to 77% of magnification < 115. 

A, man; contains light stringy edema fluid and a-few alveolar phagocytes. 

B, female child; contains light granular edema fluid and a few alveolar phagocytes. 

C, man; contains medium stringy and granular edema fluid and a few alveolar phagocytes 
(Fig. 3D). 

D, woman; contains moderate to heavy granular edema fluid and many alveolar phagocytes. 
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Fig. 2—Photomicrographs of human lungs: formalin-fixed, paraffin-embedded, hematoxylin- 
cosin-stained; reduced to 73% of magnification > 115. 

A, man, cardiac failure; contains smooth, granular, and stringy edema fluid, alveolar 
phagocytes, and light congestion in capillaries. 

B, cardiac failure; contains light stringy edema fluid in upper corners of photomicrograph, 
medium congestion of blood vessels, heavy hemorrhage, and many alveolar phagocytes. 

C, brain injury, woman; contains stringy edema fluid, heavy vascular congestion, heavy 
hemorrhage, and many alveolar phagocytes. 

D, strangulation, woman; contains light stringy and granular edema fluid, and heavy vascular 
congestion. 
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Fig. 3.—Photomicrographs of human lungs: formalin-fixed, paraffin-embedded, hematoxylin- 
cosin-stained; reduced to 73% of magnification X 115. 


A, strangulation, woman; contains stringy and granular edema fluid, medium congestion, 
and fine alveolar phagocytes. 

B, paraldehyde intoxication, man; contains stringy and granular edema fluid, heavy con- 
gestion, and a very few alveolar phagocytes. 

C, electrocution, man; contains diffuse smooth edema fluid, heavy diffuse hemorrhage, and 
many alveolar phagocytes. 

D, drowned, man; contains sand throughout the alveoli, some stringy edema fluid, and 
alveolar walls are difficult to locate (same case as that in Fig. 1C). 
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A, exsanguination, male, normal. 

B, drowned, man; contains light edema fluid and a few alveolar phagocytes. 
C, brain injury, man; light granular edema and a few alveolar phagocytes. 
D, drowned, woman; contains stringy edema and a few alveolar phagocytes. 
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head, the presence of sand was most notice- 
able in some sections of the lung and had 
been aspirated into the very terminations 
of the alveoli. Sometimes the edema and 
sand appeared together (Fig. 3D), and 
sometimes this alternated with areas where 
only edema appeared (Fig. 1C). 

The most noticeable feature of the lung 
tissue sections from the drowned humans 
was pulmonary edema. The edema fluid was 
stringy or granular and was distributed in a 
patchy fashion. Alveolar phagocytes were 
present in greater quantities than expected. 
The lymphatics were not dilated, and there 
was an absence of hemorrhage and vascular 
congestion. 

Cardiac Failure —All 15 persons had had 
little or no previous treatment for heart 
disease. All had died suddenly, on the street 
or in their homes or at work, There was 
only one case with free alveolar hemorrhage 
(Fig. 2B). The history revealed that this 
person had been treated for cardiovascular 
disease. No further clarification could be 
obtained. The sections also contained me- 
dium edema, heavy congestion, and heavy 
alveolar phagocytes. In one case, with a 
history of hypertension, the cause of death 
was not definitely established. The lung sec- 
tions were considered normal and contained 
no edema or congestion, and/or hemorrhage, 
but there were a few alveolar phagocytes. 
This case was included in this group because 
of the hypertension. The balance of the 
cases had sections that were uniform in ap- 
pearance. In these the edema was light to 
medium, while the congestion was medium 
to heavy; there was no hemorrhage, but 
alveolar phagocytes ranged from light to 
heavy. Figure 24 is somewhat representa- 
tive of these 13 cases. 

In 14 cases tissues contained edema and 
congestion, and in all 15, alveolar phago- 
cytes, while there was only 1 case with 
hemorrhage. The most noticeable feature in 
these lungs was the amount of congestion. 
This was observed in almost every micro- 
scopic field and involved all vessels. The 
edema, while not severe, had a granular 
appearance in most sections. The distribu- 
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tion was not as patchy as in the cases of 
drowning, and in many cases the edema 
fluid appeared smooth and completely filled 
the air spaces. 

Brain Injury.—These 15 cases included 
skull fractures which resulted from falls, and 
craniocerebral damage of gunshot wounds 
or automobile accidents, and ruptured 
aneurysms of cerebral arteries. Most of 
these deaths occurred in a matter of minutes, 
and all of them within an hour or two of 
the loss of motor activity. 

The skull fractures presented a near-uni- 
form pattern of light to medium edema, 
medium congestion, medium hemorrhage, 
and light to medium alveolar phagocytes. 
The balance of the cases had lesions which 
ranged from light to heavy. One of these 
cases had no edema or hemorrhage; another 
had no alveolar phagocytes, and three others 
had no hemorrhage. 

The outstanding features of the brain 
injury cases were the congestion and hemor- 
rhage. All of the cases had sections con- 
taining congestion, and 11 had sections of 
hemorrhage. The congestion was similar to 
the cardiac cases but in most instances not 
as severe. The severe hemorrhage was the 
most striking feature of these cases. Four- 
teen cases had edema and alveolar phago- 
cytes. The edema fluid was either stringy 
or granular, as in the drowning cases. The 
area shown in Figure 2C is somewhat 
representative of the group. 

Strangulation.—All nine deaths were sui- 
cidal hangings, none of which resulted in 
a broken neck. Congestion was present in 


sections from all cases and was—similar-to’ °° 


cardiac and brain injury cases. One case 
with severe congestion is presented in Fig- 
ure 2D. Eight had edema that was of a 
light degree in most instances. Hemorrhage 
was present and severe in one tissue sec- 
tion of one case. This was in the middle 
right lobe, and it was thought to be aspirated. 
Alveolar phagocytes were observed in seven 
persons. 

These strangulation tissues showed little 
difference from those of cardiac deaths. 
Congestion was prominent in all cases but 
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not always as marked as in the cardiac 
victims. The edema was similar to that of 
drowning, with the same irregular distribu- 
tion and stringy or granular appearance. 
There was an absence of hemorrhage in 
these cases. 

Miscellaneous Injury.—The cases were 
described individually as nearly every case 
differs from the other, and one may refer 
to the Table for comparisons. The sections 
from the exsanguinated cases were normal. 
The lungs of the phosphorus ingestion case 
likewise were normal; however, there were 
some alveolar phagocytes. The lungs of the 
barbiturate case were also normal. The kind 
and amount of barbiturates taken in this 
incidence were not known; however, the 
dose produced cessation of breathing while 
the patient slept. 

The lungs of the three cases just cited 
were included for comparison. The lungs 
of the meperidine (Demerol) suicide con- 
tained heavy congestion and phagocytes but 
light edema, whereas the pentobarbital sui- 
cide had lungs with medium edema, con- 
gestion and phagocytes. 

Two carbon monoxide victims had tissues 
with medium edema and congestion. The 
phagocytes of one of these were light and 
the other The third 
carbon monoxide had inhaled flame, and the 
edema and congestion were severe. The al- 


medium. victim of 


veolar phagocytes in this case were few. 

Edema was light in the lungs of the 
paraldehyde, phenol, and mercury bichlo- 
ride ingestion cases. Congestion was heavy 
in the lungs of the paraldehyde and phenol 
cases but absent in the lungs of the mercury 
bichloride cases. The phagocytes were heavy 
in the paraldehyde case but medium in the 
other two. The mercury bichloride lung 
sections had severe hemorrhage. 

The two electrocution victims had lung 
tissues that were somewhat dissimilar. One 
had marked edema and hemorrhage, while 
the other had very little edema and no 
hemorrhage. Both had medium congestion 
and heavy phagocytes. 
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In the suffocation case the lung sections 
contained light edema, congestion, and 
phagocytes. 

Considering the 16 miscellaneous cases as 
a group, there were 2 cases with hemor- 
rhage, 12 cases with congestion, 13 with 
edema, and 14 with alveolar phagocytes. 
Three patients had lungs that were consid- 
ered normal. 

Summary of the Microscopic Observa- 
tions.—Seventy cases of sudden death have 
been included in this study. Sixty-four of 
these had lung tissue sections that contained 
pulmonary edema to some degree. The 
edema fluid appeared stringy or granular 
in most instances. There were also 64 cases 
containing alveolar phagocytes, but they 
were not always the same cases as those 
with edema. Congestion was observed in 
lung sections from 53 cases. Some cases 
had edema and no congestion, and some had 
congestion and no edema. Congestion was 
absent in the usual cases of drowning. How- 
ever, it was a very noticeable feature of the 
cardiac and strangulation lungs. Hemor- 
rhage was observed in the lung sections of 
16 persons. Eleven of these persons were in 
the brain injury group. 

A case was considered normal if all sec- 
tions contained no edema, congestion, or 
hemorrhage, and alveolar phagocytes were 
not severe. Four cases met these conditions : 
a case of barbiturate narcosis, a case of 
phosphorus ingestion, a case of exsanguina- 
tion, and one case listed as cardiac failure, 
with no findings except hypertension. 


Comment 


Of the 70 cases in this study, 64 had 
lung tissue sections that contained edema 
to some degree. The edema varied from the 
barely detectable to the nearly complete 
inundation of all alveolar spaces. The ap- 
pearance of the edema did not always con- 
form to the classical pathological description, 
in which the fluid is considered to be a 
homogeneous, pink-staining, cell-free coagu- 
lum that completely fills all alveolar spaces. 
The edema observed in lung tissue sections 
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from persons with various diseases may fit 
this description. In some cases in this study 
the lung tissue contained an edema fluid 
with a smooth hyaline appearance that fits 
the classical description. However, the 
edema fluid in these sudden deaths appeared 
in most cases as stringy or granular, In 
some cases the edema fluid appeared stringy 
in some areas and granular in other areas. 
In still other cases the edema fluid appeared 
only stringy. Martin* has described the 
granular appearance of pulmonary edema 
in drowning. A search of the literature did 
not reveal any description of pulmonary 
edema in which the appearance was de- 
scribed as stringy. 

Whether the different appearances of the 
edema fluid is an indication of its composi- 
tion is not entirely known. However, it 
seems reasonable to suggest that the stringy 
edema fluid may be due to fibrin threads, 
while the smooth appearance may indicate 
that the edema fluid may contain albumen, 
since egg albumen gives a smooth appear- 
ance on microscopic observation. Hemo- 
globin released from erythrocytes also may 
contribute to the smooth appearance. Gran- 
ular edema may indicate the presence of 
globulin in the edema fluid, as Swann ® has 
demonstrated the presence of large amounts 
of globulin in the edema fluid of drowned 
dogs. Thus, the differences in the appear- 
ance could represent the presence of differ- 
ent blood constituents. 

The results of microscopic observations on 
the lung tissue sections from the human cases 
indicated that pulmonary edema occurred in 
a variety of sudden deaths. These included 
drowning, sudden cardiac failures, such 
brain injuries as skull fractures, craniocere- 
bral injury, and ruptured aneurysms of 
cerebral arteries, strangulation, carbon mon- 
oxide poisoning, natural gas asphyxia, Freon 
gas asphyxia, suffocation, barbiturate over- 
dose, electrocution, and the ingestion of 
paraldehyde, phenol, and mercury bichloride. 

Lung edema has been reported in many, 
but not all, of the types of cases listed 
above. Many reports have been made of its 
occurrence in drowning, and Brouardel ® 
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was probably the first to report it from 
microscopic observation. There have been 
more articles concerning pulmonary edema 
in cardiovascular diseases than in any other 
condition, and Flint? has listed most of 
these cardiovascular diseases. Edema has 
only recently been mentioned by Hess * in 
connection with coronary arterial diseases. 
Weisman® has shown that severe edema 
and congestion of the lungs develop in cases 
of intracranial hemorrhage. In most of the 
cardiac failure and brain injury cases re- 
ported in the literature, the death has been 
slow and the edema termed chronic. Wheth- 
er edema developed when death was sudden 
from similar conditions was not known. The 
results of this study show that edema was 
present at autopsy in most of the cases of 
sudden deaths. Whether it could be con- 
sidered entirely a postmortem phenomenon is 
open to question, since some of the autop- 
sies were made within two or three hours. 

Although edema has been shown by 
Masius '® to occur in cases in which sub- 
stances have lodged in bronchi or bronchioles 
and death ensued, it has not been reported in 
cases of strangulation by hanging. This may 
be because the congestion may overshadow 
the edema, as illustrated in Figure 3D. No 
reports were found of edema in paraldehyde, 
phenol, or mercury bichloride poisoning. 
Reimann '! mentioned a case of iodine 
poisoning in which edema was observed at 
autopsy. He also listed edema in death from 
barbital compounds and asphyxiating gases, 
but did not specify which compounds or 
which gases. The two barbiturate cases sug- 
gest that an overdose may be necessary to 
produce edema in the lungs. The Freon, 
natural gas, and carbon monoxide cases had 
sections with edema. The presence of edema 
in persons inhaling phosphorus compounds 
has been shown by Carlisle * and others; 
however, the microscopic observations on 
the phosphorus ingestion revealed no edema, 
or even congestion, of the pulmonary vessels. 
Thus, the formation of pulmonary edema by 
phosphorus compounds may depend upon the 
contact of phosphorus with the alveolar 
capillary membrane. 
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Not only did edema occur in many cases, 
some of which have not been reported be- 
fore, but certain observations on the patho- 
logic physiology of the various cases of 
asphyxial death were unique. Alveolar 
phagocytes, or macrophages, or desquamated 
epithelial cells, as referred to by Lang™ 
and others, or heart failure cells, as they are 
usually referred to, were found in almost 
every sudden asphyxial death. The hemor- 
rhage in the lungs of brain injury cases was 
noticeable and unexpected as well as unex- 
plainable. Congestion was as noticeable in 
the strangulation cases as in the cardiac 
failures, but the appearance of the edema 
was somewhat different. The edema fluid of 
cardiac failures was smooth or granular, 
whereas in strangulation it was stringy or 
granular. 

The stringy edema fluid as seen in most 
drowning cases was distributed in a patchy 
fashion. The granular edema fluid had less 
of a patchy distribution while the smooth 
edema fluid was continuous. As acute edema 


of the lungs is a rather explosive process the 
fluid enters the alveoli from the vessels, 
quickly fills them, and pours out through 


the atrium into the alveolar duct. If an ad- 
jacent primary lobule does not contain 
edema, the air in this lobule may be trapped 
by the fluid which covers the atrium. Pattle ™ 
has demonstrated that edema fluid has a 
high surface tension, which explains its 
ability to trap the air. Thus, the air in some 
areas and fluid in others accounts for the 
patchy distribution. In the formation of the 
smooth or hyaline type, the filling must be 
slower and the air allowed to escape, and 
consequently the edema is evenly distributed 
throughout. If the air trapped in the lobule 
is forced through the fluid by breathing 
movements, it will appear as foam or froth 
in the trachea or bronchi. 

In drowning, with the exception of the 
edema present, the sections could be con- 
sidered normal, since congestion and hemor- 
rhage were absent. The edema of drowning 
must involve an outpouring of fluid from 
the vessels which is quite different from 
cardiac failure, brain injury, or strangula- 
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tion, where the whole complex of hemo- 
dynamics within the pulmonary circuit is 
undergoing an irreversible change from the 
blood stream to the alveolar spaces. In 
drowning, the water must first move into the 
blood before the blood elements move into 
the alveolar spaces. The water may move 
out into the tissues by circulation of the 
blood, or it may move back into the alveolar 
spaces. Since congestion does not occur in 
drowning, the pulmonary edema formation 
may involve less vascular hemodynamic 
complications than in other cases of sudden 
death. Most investigators agree that, in 
drowning, water passes into the blood stream 
and dilutes the blood constituents. Moritz 
has summarized the blood changes that oc- 
cur during drowning. He states that what- 
ever blood constituent is measured, after 
fresh-water drowning, the right-heart blood 
is more concentrated than the left-heart 
blood. On the contrary, after sea-water 
drowning, the right-heart blood is found to 
be more dilute than the left-heart blood. 
Durlacher, Freimuth, and Swann ™ reviewed 
the literature on disproportionate intra- 
cardiac hemodilution and measured plasma 
and whole blood specific gravity in 39 hu- 
man drowning deaths. They found that, in 
all cases of drowning, irrespective of the 
salinity of the water, the specific gravity of 
the left-atrial plasma was less than that of 
the right-atrial plasma. In further studies, 
using 80 drowning and 80 other asphyxial 
deaths, Freimuth and Swann ™ have shown 
that in drowning the left-atrial plasma 
specific gravity is less than the right-atrial 
plasma specific gravity. However, in the 
other asphyxial cases about half of them 
had lower specific gravity of the right-atrial 
plasma and half of them had lower values 
in the left-atrial plasma. These differences 
in asphyxial cases were slight as compared 
with the differences in specific gravity of 
drownings. 

The observation in this study was made on 
lung tissues of subjects that had postmortem 
intervals of 2 to 20 hours. These appearances 
could be due to postmortem changes; how- 
ever, if edema occurs in disease conditions 
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and is observed at autopsy in a relatively 
short period after sudden death in persons 
known to have no previous edema-producing 
conditions, then it seems logical it could de- 
velop during the period when the person is 
actually dying, i.e., the agonal period or 
that time between cessation of breathing and 
cessation of heart action. Since observations 
and measurements cannot ethically be made 
on humans at the time of death, it becomes 
necessary to resort to animal experiments in 
order to determine whether edema can be 
produced in sudden asphyxial deaths after 
cessation of breathing and before cessation 
of heart action. 


Summary 


A study was made of the lungs of 70 
human victims of sudden asphyxia. Autopsy 
was performed as soon as possible after 
death. The cases included death by drown- 
ing, cardiac failure, brain injury, strangula- 
tion, carbon monoxide, Freon gas, natural 
gas, suffocation, barbiturates, electrocution, 
exsanguination, and the ingestion of paralde- 
hyde, phosphorus, phenol, and mercury 
bichloride. Pulmonary edema was observed 
in 64 cases. It was not found in a case 
of strangulation, brain injury, barbiturate 
narcosis, phosphorus ingestion, and ex- 
sanguination, and in a case with no specific 
cause of death and only a medical history of 
hypertension. 

The edema does not always appear as 
presented by the classical pathological de- 
scription of a smooth, homogeneous pink- 
staining coagulum that completely fills all 
alveolar spaces. In these sudden asphyxial 
deaths the edema fluid appears mostly 
stringy or granular and was distributed in a 
patchy manner throughout the lungs. The 
amount of edema ranged from the barely 
detectable to the near-complete inundation 
of all alveoli. 

Each type of death had distinguishing 
features. Congestion was prominent in 
strangulation, cardiac failures, and brain in- 
jury. Hemorrhage was a marked feature of 
brain injury cases. Edema was the out- 
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standing feature of drowning, carbon mon- 
oxide poisoning, natural gas asphyxia, and 
Freon inhalation. The edema in drowning 
was unaccompanied by vascular congestion 
or hemorrhage. 

Pulmonary edema occurred in a variety 
of these sudden asphyxial deaths, even when 
autopsy was within two hours post mortem. 
These included drowning; sudden cardiac 
failures; such brain injuries as skull frac- 
tures, craniocerebral injury, and ruptured 
aneurysms of cerebral arteries; strangula- 
tion, carbon monoxide poisoning; natural 
gas asphyxia; Freon gas asphyxia; suffoca- 
tion; barbiturate overdose; electrocution, 
and the ingestion of paraldehyde, phenol, 
and mercury bichloride. 


Graduate School of Public Health, University 
of Pittsburgh. 
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Reaction of Chorioallantoic Membrane of Chick 


Embryo to Nocardia Intracellularis Inoculation 


WILEY D. FORBUS, M.D.; NOBORU FUKUNAGA, M.D.; ALPHONSE VAN SCHOOTE, M.D., and 


HERTHA CRESS, Ph.D., Durham, N.C. 


Nocardia intracellularis was isolated and 
its characteristics comprehensively studied 
by Cuttino and McCabe.’ In man the dis- 
ease produced by this organism is a pure 
form of granulomatous inflammation, char- 
acterized by invasion of the reticuloendothe- 
lial cells by the pathogen and proliferation 
of these cells. Massive intracellular parasit- 
ism may occur and an apparent equilibrium 
result between the organism and the cells 
of its host. 

In the past, numerous pathogenic acid- 
fast organisms have been isolated by many 
workers and their pathogenic potentialities 
studied in comparison with those of human, 
bovine, and avian tubercle bacilli and 
Nocardia (Forbus et al.,2 Richardson et al.,3 
Timpe and Runyon,* Pollak and Buhler *). 
For the purpose of this study, N. intra- 
cellularis and its chemical fractions were 
applied to the chorioallantoic membrane of 
chick embryos, This medium has been used 
extensively for culture of organisms since 
it was described by Borrell (1905) and 
Levaditi (1906). Only a short time is re- 
quired to produce lesions or to cultivate an 
organism, and in this relatively young tis- 
sue it is very convenient to analyze the in- 
flammatory process provoked. 


Submitted for publication July 2, 1959. 
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Anderson Hospital, Houston 25, Texas (Dr. Van 
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Materials and Methods 


The technique of inoculation employed) was es- 
sentially the same as that described by Goodpasture 
and Anderson* and by Anderson.* N. intracellularis 
organisms were placed on Petragnani slants, and 
also in bottles containing about 200 cc. of modified 
Proskauer-Beck synthetic medium. Three weeks 
after inoculation, isotonic saline suspensions were 
made of the organisms cultivated on Petragnani 
slants, so that 0.1 cc. contained 0.001 or 0.005 mg. 
of the organisms. In the same manner, suspensions 
of heat-killed organisms were made. 

Three months after inoculation, waxes, acetone- 
soluble fat, and phosphatide were extracted from 
the organisms in the synthetic medium according 
to Anderson's method. The polysaccharide was 
extracted after the method of Palmer and Ger- 
lough.” The defatted organisms were obtained 
during the procedure of lipid extraction. Suspen- 
sions contained 0.001 or 0.005 mg. of defatted 
organisms or chemical fractions extracted from 
them. After sterilization each suspension was 
placed on the chorioallantoic membranes of 8- 
or 9-day-old embryonated eggs. The eggs of 
each group were studied during the immediately 
following 312 hours. From each egg a piece of 
membrane was spread on a slide and stained with 
neutral red and Janus green. Another piece of 
the membrane was fixed in Zenker’s solution or 
10% formalin. Serial paraffin sections were made 
and stained by a variety of techniques, as follows: 
hematoxylin-eosin, Ziehl-Neelsen, Gram, Masson 
(connective tissue), Wilder (silver impregnation), 
Unna-Pappenheim (plasma cell), and periodic acid- 
Schiff. 


Observations 


Reaction to Living, Heat-Killed, and De- 
fatted Nocardia Intracellularis. — Immedi- 
ately following inoculation the changes seen 
on the membrane surface were hyperemia, 
edema, and focal hemorrhage. Most likely 
these changes were caused partially by me- 
chanical irritation due to opening of the 
shell. Within three hours after inoculation 
neutrophilic and eosinophilic leukocytes ap- 


103/571 


~ 


Fig. 1—Photograph at 
low magnification of a 
typical reaction in the 
chorioallantoic membrane 
of the chick following 
inoculation with heat- 
killed Nocardia intra- 
cellularis organisms 
0.01 mg.) 168 hours 
after inoculation. The 
inflammatory reaction is 
characteristically perivas- 
cular. The cells are 
chiefly mononuclear, al- 
though polymorpho- 
nuclear leukocytes are 
numerous. Here and there 
are clusters of mono- 
nuclear cells with begin- 
ning epithelioid alteration 
indicative of the early 
stages of true granuloma 
formation. 


peared on the surface of the ectodermal 
epithelium and between the covering cells. 
In places the epithelium was lost and leuko- 
cytes appeared in the subectodermal layer. 
The nuclei and cytoplasm of the covering 
cells were swollen, and small cytoplasmic 
vacuoles were present. Mitotic figures were 
present in small number. The subectodermal 
capillaries appeared somewhat congested, 
and they contained a few eosinophilic leu- 
kocytes and mononuclear cells. The latter 
were characterized by basophilic cytoplasm 
and large round nuclei with one or two 
large nucleoli. 


After 24 hours a proliferation of spindle 
or asteroid cells with delicate cytoplasmic 


‘projections took place, and these cells 
showed an irregular or palisade arrange- 
ment. These foci were usually surrounded 
by proliferating capillaries communicating 
with branches of subectodermal capillaries. 
Frequently the reaction spread through the 
mesodermal tissue as far as the entoderm. 
At the surface of the lesions, the ecto- 
dermal hyperplasia resulted in elevation and 
focal stratification of the epithelium. There 
was occasional hemorrhagic necrosis, with 
ulceration involving even the superficial 
layet Of the mesodermal tissue. Prolifera- 
tion of the ectodermal components extend- 
ing toward the subectodermal layer and 
resulting in isolated “epithelial pearl for- 
mation,” as described by Moore,” was 
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sometimes noted. The origin of the asso- 
ciated young granulation tissue ssemed to 
be especially the undifferentiated connective 
tissue cells attached to the basal membrane 
of the ectodermal layer and the capillaries 
beneath the ectodermal tissue. Delicate 
argyrophilic fibers were identified in the 
granulation tissue with Wilder’s silver 
stain. There were many mitotic figures. 
Some eosinophilic leukocytes and a few 
mononuclear cells were interspersed among 
the other cells. The number of these cells 
in the blood vessels was increased. The 
cytoplasm of the young connective tissue 
cells was swollen and vacuolated, and it 
contained Schiff-positive materials. Some 
erythrophagocytosis by macrophages was 
noted. 

During the following 24 to 48 hours 
mononuclear cells increased both in and 
around the capillaries. These cells con- 
tained many small Janus green granules and 
a few vacuoles. The proliferating ecto- 
dermal epithelium exhibited vacuolar and 
hydropic cytoplasmic changes, sometimes 
taking on the appearance of a little -vesicle. 

In 48 hours small nodules, composed of 
accumulations of eosinophilic or basophilic 
granule-laden mononuclear cells and large 
leukocytes, became conspicuous around the 
vessels. Mitotic figures were numerous in 
the mononuclear: cells. All types of inflam- 
matory cells contained phagocytosed or- 
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ganisms and Schiff-positive material. A 
few multinucleated giant cells were present 
in the mononuclear-cell aggregates, but 
these were quite different from the usual 
Langerhans giant cells. 

In the 72-hour preparation the round-cell 
accumulation around the capillaries had in- 
creased greatly. These cells maintained their 
oval or round shape and were noteworthy 
for their homogeneous basophilic cyto- 
plasm and round, hyperchromatic nucleus 
with encircling halo. Metachromasia of the 
cytoplasm was an outstanding feature. Many 
of these cells gave a positive reaction to 
the Unna-Pappenheim stain, identifying 
them as plasma cells. Most of the cells in 
the aggregates resembled blast forms in 
mitosis. 

In general, the inflammatory reaction 
spread throughout the mesodermal tissue in 
96 to 120 hours, and the degree of exten- 
sion was directly related and proportioned 
to the concentration of organisms. 

The invaginated ectodermal tissue pro- 
vided a favorable site for the growing or- 
ganisms, and sometimes the accumulation 
of leukocytes in the lumen of the invagina- 
tion became so massive as to form an 
abscess-like lesion. Although liquefactive 
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Fig. 2.—Photograph at 
medium magnification of 
a typical early reaction 
of chorioallantoic 
membrane of the chick 
following inoculation with 
living Nocardia  intra- 
cellularis. The reacting 
cells are almost exclu- 
sively mononuclear. At 
the center is a focus of 
necrotic cells which had 
undergone early epitheli- 
oid alteration. 


necrosis regularly occurred in the epithelium 
and spread into the surrounding mesodermal 
tissue, in some places the basal membrane 
became interrupted and obscure, and pro- 
liferation of the ectodermal covering cells 
occurred and extended into the surround- 
ing tissue. When these cells became iso- 
lated in small masses, as was their tendency, 
they assumed the appearance of polymor- 
phonuclear giant cells. Adjacent to the 
ectodermal layer, a striking proliferation of 
spindle-shaped cells took place; some of 
these cells were distinctly epithelioid in 
their over-all character. An infiltration of 
eosinophilic leukocytes accompanied these 
reactions, the periphery of which was 
always characterized by a zone of mono- 
nuclear cells, many of which were under- 
going disintegration. The reaction to the 
heat-killed and the defatted organisms was 
regularly less intense than that which fol- 
lowed inoculation of living organisms, and 
the lesion usually was epithelioid in ap- 
pearance. 

As the preparation aged, the ectodermal 
surface dried and thickened, eventually tak- 
ing on the appearance of a layer of keratin. 
The underlying mesoderm became thick 
and fibrous. Although organisms were al- 
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Fig. 3—Photograph of 
a genuine’ granuloma 
which resulted from in- 
oculation of the chorio- 
allantoic membrane of the 
chick with 0.01 mg. of 
Nocardia _intracellularis. 
Duration of the infection, 
232 hours. 


ways demonstrable in the preparations, the 
reaction of the chorioallantoic membrane 
varied greatly, being minimal and confined 
to the surface in some of the embryos. 

Extension of the organisms into the meso- 
derm seemed to take place by direct inva- 
sion from the inoculated surface of the 
ectoderm, by migration, or by transporta- 
tion of organisms within macrophages. 
The last mechanism was especially con- 
spicuous following inoculation of the 
heat-killed and defatted organism. The 
transporting cells seemed highly resistant to 
their cargo of organisms, which usually 
packed their cytoplasm, forming a rosette- 
like arrangement quite like that observed in 
the lymph nodes of the human case from 
which N. intracellularis was originally iso- 
lated. These organism-laden macrophages 
almost always contained a moderate amount 
of Schiff-positive material. 

Reaction to Chemical Fractions of No- 
cardia Intracellularis—A. Purified Wax: 
Focal hemorrhage and proliferation of the 
connective tissue cells around the capillaries 
appeared beneath the ectodermal tissue nine 
hours after injection. The young connective 
tissue cells gradually increased in number, 
and some of these contained more refractile 
vacuoles than are ordinarily noted in this 
type of cell. Eighteen hours after injection 
mononuclear wandering cells appeared. 
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Occasionally erythrophagocytosis was ob- 
served. Forty-eight hours after inocula- 
tion phagocytosis became active, especially 
around the vessels. Polymorphonuclear 
leukocytic emigration was relatively slight. 

B. Acetone-Soluble Fat: Most impres- 
sive tissue injury was produced by this 
complex material 12 hours after its inocula- 
tion. Young connective tissue cells ap- 
peared and rapidly became swollen and 
vacuolated. This reaction was accompanied 
by the accumulation of wandering cells 
and these, too, quickly underwent necrotic 
alteration. In time, the supporting connec- 
tive tissue in the mesoderm became edem- 
atous and lost its normal staining properties. 
Ninety-six hours after injection liquefac- 
tion of the connective tissue occurred, ac- 
companied by coagulative changes in the 
ground substance, giving to the tissue a 
fibrinoid appearance. Polymorphonuclear 
leukocytic emigration was not remarkable. 

C. Phosphatide: Twenty-fours after in- 
oculation, the cytoplasm of the proliferat- 
ing young connective tissue cells became 
vacuolated and actively phagocytic. An im- 
pressive emigration of basophilic, nongranu- 
lar mononuclear cells was present. These 
were accompanied by a few eosinophilic 
granule-laden mononuclear cells, and an 
occasional mono- or multinucleated giant 
cell. This reaction was most prominent 
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about the blood vessels. None of these cells 
exhibited the characteristic coarse, vacuo- 
lated cytoplasm of the “phosphatide cell,” 
as described by Sabin.1* There was no 
formation of epithelioid-cell tubercles, such 
as described by Sabin and by Roulet and 
Bloch '** in their studies of the reaction 
to the phosphatide fraction of the tubercle 
bacillus. 

D. Polysaccharide: Three hours after 
inoculation a massive extravasation of 
eosinophilic leukocytes was observed. As 
time passed, these leukocytes increased in 
number and widely infiltrated the tissue. 
Twelve hours after inoculation plasma cells 
appeared on the scene. Basophilic, non- 
granular large mononuclear cells were ob- 
served in the capillaries and around the 
vessels situated beneath the ectoderm. The 
connective tissue cells proliferated, and oc- 
casionally assumed a rounded form, thus 
resembling macrophages. Seventy-two hours 
after inoculation, mononuclear cells collected 
in the lymph spaces and formed large ag- 
gregates about the blood vessels. 


Comment 


In this study the ultimate objective was 
an extension of our understanding of the 
granulomatous form of inflammation; in 
the last analysis, a further development of 
our concepts of the reaction potential of the 
cells of the reticuloendothelial system to 
animate and inanimate provoking agents. 

N. intracellularis was chosen for study as 
a provocative agent for two reasons. First, 
it has an extraordinary capacity for stimu- 
lating the response of the reticuloendothelial 
cell, as demonstrated so impressively in the 
infection in man from which it was orig- 
inally isolated. Second, it has a very limited 
capacity in its living form to provoke the 
reticuloendothelial cells which it attracts 
in human tissues to utilize those other re- 
action potentials which, when active, result 
characteristically in classic epithelioid and 
tuberculoid granulomas, typified by what is 
familiar to all in tuberculosis. 

In selecting the chick embryo as host we 
had three things in mind. 
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In the first place, we knew from the 
experiments of Cuttino and McCabe carried 
out in their original isolation and identifica- 
tion of N. intracellularis that this organism 
would grow satisfactorily in the chick 
chorioallantoic membrane and that the re- 
sulting infection would proceed slowly and 
last long enough to permit careful, almost 
hour-to-hour observation of the responses 
of the inflammatory cells. 

In the second place, the use of this em- 
bryonic medium offered the possibility of 
studying the reactions of reticuloendothelial 
cells which are unmistakably embryonic and 
of comparing these reactions with those of 
human mature reticuloendothelial cells 
which we conveniently describe as “em- 
bryonic” because of their extraordinary 
reaction potential. Since cellular activity, 
regardless of its character, must be analyzed 
in terms of the chemical mechanisms which 
actually constitute the cell as a biological 
unit, it is not unfair to assume that truly 
embryonic reticuloendothelial cells might not 
necessarily possess certain ones of those 
chemical integrations which characterize the 
mature reticuloendothelial cell and account 
for its multiple reaction potentials, as ex- 
hibited in the fully developed granulomatous 
inflammatory reaction. This possibility is 
indeed in harmony with what we know 
about certain undifferentiated or partly un- 
differentiated cells of the mature person. 
For example, the cells of immature blood- 
forming tissue surely do not possess all 
of the enzymes or enzyme systems nor- 
mally present in the cells of these tissues, 
a deficiency indicated by the fact that is- 
lands of immature blood formation resist 
autolysis in the dead body to a remarkable 
degree, far beyond that of the mature cells 
of the same body. 

Thirdly, the use of the chick embryo 
offered the possibility at least of gaining a 
little more definite information about the 
origin and functions of the reticuloendo- 
thelial cell which appears on the scene with 
such speed and in such great numbers when 
appropriate provocative agents are intro- 
duced into the tissues. If we are to continue 
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to follow the line that the monocyte, the 
histiocyte, and the large mononuclear wan- 
dering cell of granulomatous inflammatory 
reactions are indeed the same cell, the 
macrophage, which we refer to specifically 
as the reticuloendothelial cell—as Aschoft 
and Kiyoao did—then the differences in 
morphology, size, staining reaction, move- 
ments, etc., of these cells should no longer 
give us concern, for the simple reason that 
these differences may merely indicate varia- 
tions in one and the same cell associated 
with changing functional status. Neverthe- 
less, in this study an attempt was made to 
differentiate the mononuclear cells in the 
area of infection of the embryonic tissue by 
appropriate staining methods. This, how- 
ever, proved so difficult and eventually in- 
conclusive that it seemed best in the end to 
give up the attempt and refer to all the 
responding forms simply as large mononu- 
clear wandering cells. 

We are not at all confident that we have 
established anything of significance in point- 
ing out the cytologic responses to the several 
chemical fractions which were obtained when 
N. intracellularis was extracted. Our results 
are essentially comparable to those of Sabin 
et al. obtained in their fractionation studies 
of the tubercle bacillus and those of Baker 
and Bryan in their fractionation studies of 
Blastomyces dermatiditis. All these studies 
merely emphasize the fact that the provoca- 
tion of cells to activity of whatever kind is 
essentially a chemical effect, and that such 
chemical effects may be highly specific. 
Were it not for this high degree of speci- 
ficity, all granulomatous inflammatory reac- 
tions would be exactly alike morphologically 
and cytologically. But we know that this is 
not so. For example, in tularemia, a typical 
granulomatous disease, classic tubercles are 
never seen. The lesion is typically epi- 
thelioid. Again, in tuberculosis any or every 
phase of the morphologic reaction potential 
of the reticuloendothelial cell may be seen. 
All of this would appear to indicate that the 
matter of specificity of chemical stimulation 
of the reaction potential of cells of the 
reticuloendothelial system is far more com- 
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plex than would be indicated merely by 
saying that the waxy, acid-fast coat of the 
tubercle bacillus stimulates the reticuloendo- 
thelial cell to produce classic tubercles. Ex- 
perience with the natural disease processes 
would, rather, suggest that a whole range of 
chemical provocateurs, acting at proper times 
and in definite sequence, is required to pro- 
duce the classic tubercle. Our studies with 
the fractions of N. intracellularis have not 
helped us very much toward an understand- 
ing of this complex relationship. 


Summary 


Living, heat-killed, and defatted Nocardia 
intracellularis and some of its chemical frac- 
tions were deposited on the chorioallantoic 
membrane of the chick embryo. 

A constant feature of the inflammation 
produced by this organism was a marked 
proliferation and phagocytic activity of 
mononuclear cells and exudation of poly- 
morphonuclear leukocytes. 

The acute focal lesions appeared to arise 
from a proliferation of mononuclear cells 
following an accumulation of leukocytes. 

Spread of the inflammatory process into 
the mesoderm was often preceded by pro- 
liferation of the ectodermal cells. 

Following the ectodermal tissue damage, 
the principal reaction in the mesoderm was 
fibroblastic proliferation. 

The formation of giant cells of macro- 
phage type was provoked by the injection of 
living organisms. 

Injection of living and heat-killed defatted 
organisms resulted in an epithelioid reaction 
without the formation of typical tubercles. 

Heat-killed and defatted organisms pro- 
duced somewhat less tissue damage than 
living organisms. 

The acetone-soluble fat fraction caused 
necrosis and hemorrhage. 

The polysaccharide fraction provoked 
emigration of polymorphonuclear leukocytes, 
a few mononuclear wandering cells, and a 
minimal proliferation of connective-tissue 
cells, 
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The phosphatide fraction provoked some 
proliferation of connective tissue cells and 
the emigration of monocytes. 


The wax fraction stimulated connective 
tissue cells to proliferate and stimulated a 
minimal response of mononuclear cells. 


Department of Pathology, Duke University Med- 
ical Center. 
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Gross Estimation of Atherosclerosis in Aorta, 
Coronary, and Cerebral Arteries 


A Comparative Study in Los Angeles and South India 


ALBERT E. HIRST Jr., M.D.; IRA GORE, M.D.; G. GORDON HADLEY, M.D., and 


E. W. GAULT, M.D., Los Angeles 


Studies conducted among various popula- 
tions of the world, including the Chinese,! 
Japanese,? Okinawans,* and Bantus of South 
Africa,* have indicated that arteriosclerosis 
is less severe than in United States. The 
comparisons have usually been based on 
such indirect evidence as the crude death 
rates from cardiovascular disease obtained 
from vital statistics or the frequency of 
clinical complications of arteriosclerosis, 
such as coronary occlusion or cerebral vas- 
cular accidents. The many pitfalls inherent 
in any indirect system of assay make direct 
examination and quantitation of the lesions 
desirable. When direct methods have been 
employed, the degree of severity of athero- 
sclerosis has usually been estimated by 
means of a grading system from 1 to 3 
or 4,24 or the authors have merely stated 
their impressions gained from autopsies 
performed both in the United States and 
abroad.'* While such studies have served 
their purpose, the need for a more quantita- 
tive and universally applicable system is 
apparent. 
~ Submitted for publication Aug. 3, 1959. 

This study was aided in part by a grant from 
the Research Association of the Los Angeles 
County Medical Society. 

Read before the Section on Pathology and Physi- 
ology at the 107th Annual Meeting of the Ameri- 
can Medical Association, San Francisco, June 25, 
1958. 

From the College of Medical Evangelists and 
the Los Angeles County Hospital (Dr. Hirst) ; the 
Harvard School of Public Health and the Veterans 
Administration Hospital, West Roxbury 32, Mass. 
(Dr. Gore), and the Christian Medical College, 
Vellore, South India (Drs. Hadley and Gault). 
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Gore and Tejada® devised a method of 
assay based on gross inspection that has the 
advantages of being simple enough to be 
performed during a routine autopsy, greater 
precision than the usually employed sys- 
tems, applicability to various arteries of the 
body, and results that are reproducible by 
different investigators. 


Methods and Materials 


The material consists of 773 unselected autopsies, 
514 of which were performed at the Los Angeles 
County Hospital and 259 at the Christian Medical 
College in Vellore, South India. Included in the 
Los Angeles group were 398 Caucasians, 78 
Negroes, 29 Mexicans, and 9 Orientals. The group 
is considered representative of the indigent popu- 
lation of a cosmopolitan American city. The cases 
from Vellore, South India, included 248 South 
Indians, 6 North Indians, and 5 Mongolians. After 
exclusion of four Europeans, the remainder were 
considered as a single group, although it must be 
admitted that more than one ethnic group is 
represented. Although detailed information is not 
available regarding the living habits of the South 
Indians, the diet is generally low in calories and 
deficient in protein and fat, both animal and 
vegetable. Rice is the staple item of diet, and the 
food is usually highly seasoned. 

Both the Los Angeles and the India group are 
composed almost entirely of. hospital patients who 
died of natural causes. The distribution of cases 
by age and sex is shown in Table 1. The patients 
in India were generally younger than those in 
Los Angeles, the largest number in the former 
area being in the 30- to 39-year age group, and 
in the latter area, in the 70- to 79-year age group. 
Observations of the extent and severity of athero- 
sclerosis were based on inspection of the arteries 
studied, which included the aorta and coronary and 
cerebral vessels in Los Angeles, and the aorta and 
coronary arteries in India. For consistency, a 
single observer recorded observations in each geo- 
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TaBLe 1.—Distribution of Cases 


graphic area. In a trial comparison, these two 
observers performed estimates on 50 aortas of ran- 
dom ages and compared results. The difference in 
the mean of the estimated per cents of surface 
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involved was only 6% (i.e., 51% vs. 57%). Since 
the estimates by the observer from India were 
the higher of the two, the differences found in the 
severity of atherosclerosis in the two areas are 
probably actually greater than the data would 
indicate. 

Tejada and Gore* suggested that the estimates 
for extent and the relative proportion of various 
types of lesions be used to calculate an athero- 
sclerotic index. The extent of involvement was in- 
dicated by a letter rather than the actual per cent, 
O indicating 0-5%; A, 6%-15%; B, 16%-33%; C, 
34%-50%, and D, 51%-100%. A constant value 
was assigned each category. Since the majority of 
cases at the Los Angeles County Hospital fell in 
Category D, in which 51% or more of the surface 
was involved, the use of the numerical per cent 
obtained by estimation was considered to be more 
accurate and has been used in all cases in this 
study. According to Gore and Tejada, each of 
the four types of lesions is assigned a biologic 
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Fig. 1—Upper left, relation of extent of intimal 
atherosclerosis in the aorta to age (Los Angeles 
cases). 

Upper right, relation of extent of intimal athero- 
sclerosis in the cerebral arteries to age (Los 
Angeles cases). 

Lower, relation of extent of intimal atherosclero- 
sis in the coronary arteries to age (Los Angeles 


cases). 
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weighting as follows: one-tenth (0.1) for lipid 
streaks; unity (1) for lipid or fibrous plaques, 
and times ten (X10) for ulcerative or calcific 
lesions, the last two being considered equally late 
lesions. Using the modification suggested above, 
the atherosclerotic index (A.I.) in this study 
was derived as follows: 

A. 1L=9% of intimal surface involved [lipid 
streaks X0.1+-plaques X 1-+-ulcerative 
lesions X 10-+-calcific lesions 10] 

The index so obtained is usually slightly lower 
than that obtained using the original procedure. 


Results 


Extent of Intimal Involvement by Ather- 
oma.—The effect of age on the mean per 
cent of intimal surface involved by athero- 
sclerosis in Los Angles is shown in Figure 
1, which includes (4) aorta, (B) cerebral 
arteries, and (C) coronary arteries. On 
each graph, the line has been fitted by in- 
spection. The increase in intimal involve- 
ment of the aorta and the cerebral arteries 
with increasing age is essentially linear 
within the age groups studied. The coronary 
arteries show an S-shaped distribution 
curve, and it seems likely that a similar 
curve would have occurred in the aorta and 
cerebral arteries had there been a larger 
number of cases in the first 2 and the 10th 
decades of life. The increase in extent 
of intimal atheroma with age is most rapid 
in the aorta, less so in the coronary arteries, 
and least in the cerebral arteries. Definite 
sex differences are apparent in both the 
aorta and the coronary arteries, the extent 
of intimal involvement being less in the fe- 
male below the age of 60 (third, fourth, 
and fifth decades) but subsequently rising 
to equal or exceed involvement in the male 
in both vessels. No sex difference is noted 
in the extent of cerebral artery atheroma. 
Comparison of the mean extent of ather- 
oma in the aorta in Los Angeles and India 
‘with the sexes combined (Fig, 2) revealed 
little difference in the two groups during 
the second and third deeades. Beginning in 
the fourth decade, the extent of involve- 
ment was greater in Los Angeles and re- 
mained so thereafter. As in Los Angeles, 
the extent of intimal surface involved in 
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LOS ANGELES 


AGE IN DECADES 


Fig. 2—Comparison of the mean extent of 
involvement of the aorta by atherosclerosis in Los 
Angeles and South India. 


India was greater in the aorta than in the 
coronary arteries, and the females had a 
lower mean per cent of intimal surface in- 
volvement of the aorta than the males. 
The mean extent of intimal atheroma of 
the coronary arteries in males in Los An- 
geles was higher than in males in India in 
the third through the sixth decades, the 
decades with sufficient numbers for com- 
parison. There were too few estimates of 
extent of coronary artery involvement in 
females in India for comparison. 
Comparison of the Absolute Per Cent of 
Various Lesions.—In order to make a quan- 
titative comparison of the various types of 
atherosclerotic lesions, the relative propor- 
tion of any lesion must be multiplied by 
the total per cent of intimal surface in- 
volved to obtain an absolute per cent of 
involvement. For example, if one-tenth of 
the lesions are calcific and 50% of the in- 
timal surface is involved by lesions, then 
the absolute per cent of calcific lesions is 
YoX50, or 5%. A graph showing the 
absolute per cent of each of the four types 
of lesions in the aorta in Los Angeles is 
shown in Figure 3. Lipid streaks reached 
their peak incidence in the second and third 
decades and declined thereafter. Plaques 
were first noted in the second and _ third 
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AGE IN DECADES 
Fig. 3.—Relation of the absolute per cent of 


atherosclerotic lesions in the aorta to age in Los 
Angeles cases. 


decades, and rose precipitously in the fourth 
decade. Calcific lesions appeared in the 
fourth decade and increased with a steep 
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Fig. 4—Relation of the absolute per cent of 
atherosclerotic lesions to age in South India cases. 


Hirst et al. 


gradient thereafter. Ulcerative lesions, first 
observed in the fifth decade, rose gradually, 
reaching a low plateau in the eighth and 
ninth decades. 


A similar graph of the India material is 
shown in Figure 4. Lipid streaks devel- 
oped to about the same extent during the 
first three decades as in Los Angeles but, 
unlike the American group, did not decrease 
in subsequent decades. In India plaques 
occurred at a low level in the second and 
third decades, rising sharply in the fourth 
decade and onward, although not so pre- 
cipitously as in Los Angeles. Ulcerative 
and calcific lesions first appeared in the 
fourth and fifth decades, respectively, and 
reached a low plateau in subsequent dec- 
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_ Fig. 5.—Comparison of the mean atherosclerotic 
index in the aorta and coronary and cerebral 
arteries in Los Angeles cases. 


ades. The persistently low level of calcifi- 
cation of the aorta encountered in India 
in the sixth, seventh, and eighth decades 
contrasts with the dramatic increase en- 
countered in the same decades in Los 
Angeles. 


Comparison of the Atherosclerotic Index 


Age and Sex.—A graph comparing the 
mean atherosclerotic index by age and sex 
in the Los Angeles area is shown in Fig- 
ure 5. From the sixth decade and beyond, 
the index was highest in the aorta, lower 
in the coronary arteries, and lowest in the 
cerebral arteries. The female tended to have 
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Fig. 6—Comparison of the atherosclerotic index 
of the aorta and coronary arteries in Los Angeles 
and India (sexes combined). 


both the aorta and the 
during the first five 
decades, with a statistically significant 
(tsz=3.64) lower index in the coronary 
arteries of the female in the fifth decade. 
A sharp rise in the mean index of females 
occurred in the sixth decade, exceeding the 
index in the males in the subsequent three 
decades (60-89 years) in the three vessels 
studied. 

Comparison of the atherosclerotic index 
in the aorta and coronary arteries in the 
two geographic areas with the sexes com- 
bined is shown in Figure 6. Beginning in 
the fourth decade, the atherosclerotic index 
was lower in both the aorta and the coronary 
arteries of the India group, the disparity 
increasing with age. Separating the sexes 
in the India group revealed a lower index in 
the aorta in the female in the third through 
the sixth decades. There were insufficient 
cases for comparison by sex above this age. 

Effect of Hypertension.—Separation of 
the hypertensive from the normotensive 
cases in the Los Angeles group (Fig. 7) 
revealed that the higher index encountered 
in the aorta in the female during the later 
decades was not due to sex alone, since 
the normotensive female had essentially the 
same mean index as the normotensive male. 
Hypertension increased the atherosclerotic 
index in both sexes in the sixth, seventh, 
and eighth decades, the index of the hyper- 
tensive female being higher than that of 


a lower index in 
coronary arteries 
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Fig. 7.—Effect of hypertension on the athero- 
sclerotic index of the aorta in Los Angeles cases. 


the hypertensive male. A higher index was 
found in both the coronary and the cerebral 
arteries of hypertensive patients during the 
same decades with the sexes combined. 
Effect of Nutrition —tThe relation of the 
state of nutrition as determined at autopsy 
to the atherosclerotic index of the aorta 
in the Los Angeles group is shown in 
Table 2, in which the sex groups are com- 
bined. A_ slight, but consistently lower, 
index is observed in the thin patients as 
compared with those of average weight; 
however, no consistent increase was noted 
in the overweight. Admittedly, the clinical 
records were frequently inadequate to indi- 
cate how many previously obese patients 
had become thin during their terminal ill- 
nesses. On the basis of autopsy, 46% were 
considered thin or malnourished, 33% as 
average, and 21% as obese. Observations 
regarding state of nutrition in India were 


Taste 2.—Effect of Nutrition on the Mean 
Atherosclerotic Index (Los Angeles Cases) 


Thin (46%) Average (33%) Overweight 


(21%) 


No. of 
Cases 


Index Index 

5.66 4.07 
12.9 6.67 
16.46 19.37 
25.99 24.61 
33.1 35.87 
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TaBLe 3.—Effect of Race on the Mean Atherosclerotic Index in the Aorta (Los Angeles Cases) 


40-49 50-59 70-79 


No. of No. of No. of No. of 
Index Cases Index Cases Index Cases Index Cases 


Aorta White 7.17 25 11.3 53 17.6 80 24.4 60 
Negro 3.3 17 11.3 20 8.2 13 20.9 6 
Coronary arteries White 6.2 25 9.2 53 14.0 80 20.7 60 
Negro 1.6 17 6.4 20 7.2 13 14.4 6 
Cerebral arteries White 0.56 22 1.05 5i 21 75 3.9 61 


Negro 1.01 16 2.1 19 3.2 13 6.4 


derived from the clinical histories and _ diet, exercise, and stress cannot be evaluated 
autopsy protocols; being based on India in this study. 
standards, the data are not strictly com- 
parable to those of the American group. 
However, obesity was stated to be present Atherosclerosis has been evaluated in this 
in only 4%, or was only about one-fifth study by means of estimates obtained by 
as frequent as in the Los Angeles group. inspection, a procedure which is justified 
Effect of Race—In the Los Angeles on the principle that reasonably exact 
group, only the Negroes of 40 years or over estimates performed without bias on a large 
provided a sufficient number to invite com- number of cases will, when averaged, come 
parison with Caucasians (Table 3). A remarkably close to the correct value. The 
lower mean atherosclerotic index was found separation of extent and severity of athero- 
in both the aorta and the coronary arteries sclerotic lesions enables one to compare the 
in the Negro, with the exception of the extent of surface involved by all lesions, 
50- to 59-year age group, in which the the relative proportion of different lesions, 
indices in the aorta were identical. This and the absolute amount of any single type 
result was surprising in view of a greater of lesion. While strictly objective meth- 
frequency of stigmata of hypertension in ods, such as mapping the lesions on a trans- 
the Negro (39%) than in the Caucasian parent film and determining the extent 
(30%) in the same decades of life. A involved by means of a planimeter or by 
slightly but consistently higher atheroscle- gravimetric methods, would be more accu- 
rotic index was found in the cerebral ar- rate, such techniques are extremely tedious 
teries of the Negro as compared with those and time-consuming. In addition, the pres- 
of the Caucasian. ence of minute, scattered, or poorly de- 
In considering associated pathologic lineated lesions, which are frequently 
states which may have a relation to the encountered, would make any purely ob- 
severity of atherosclerosis, the frequencies jective method of evaluation technically 
of various forms of malignancy were found difficult. 
to be about equal in the two groups, with Our comparison of aortas from patients 
26% in Los Angeles and 23% in South in the first three decades of life in India 
India. It might be suggested that the with the aortas of a similar group in Los 
greater frequency of diabetes and hyper- Angeles revealed little difference either in 
tension, both of which increase atheroscle- the intimal surface involved or in the sever- 
rosis, might be responsible for the higher ity of lesions. Similar observations have 
atherosclerotic index in the Los Angeles been made in comparing the severity of 
cases, However, the exclusion of both these atherosclerosis of the aorta in New Orleans 
diseases still resulted in a higher index in with that in Guatemala,® and Costa Rica,7 
the Americans in the after-40 age group. and in a study comparing the severity of 
The significance of such factors as heredity, atherosclerosis in Japan and Guatemala 
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with that in Los Angeles and New Orleans.* 
In the present study, it was found that 
after the third decade, atherosclerosis of 
both the aorta and the coronary arteries was 
found to advance more rapidly in_ the 
United States than in India. 


Information regarding the living habits 
of the two groups in the present study is 
extremely limited. While the greater fre- 
quency of malnutrition encountered among 
the South Indians no doubt reflects an im- 
poverished dietary, more comprehensive 
studies will be necessary before the differ- 
ences in atherosclerosis can be attributed 
solely to dietary factors. 


Summary 


A comparison of atherosclerosis was made 
in 514 autopsies at the Los Angeles County 
Hospital and in 259 autopsies in Vellore. 
South India. In Los Angeles the mean ex- 
tent of intimal surface involved by athé¢roma 
rose most rapidly with increasing age in 
the aorta, next in the coronary arteries, and 
least rapidly in the cerebral arteries. An 
essentially similar relation was found in the 
involvement of the aorta and coronary ar- 
teries in India; cerebral vessels were not 
studied in this area. In Los Angeles, the 
extent of atheroma in the female lagged 
behind the extent in the male in the aorta 
and coronary arteries during the third, 
fourth, and fifth decades, but in subsequent 
decades the severity in the female equaled 
or exceeded that in the male. The mean 
extent of intimal atheroma of the coronary 
arteries was greater in the male in the third 
through the sixth decades in Los Angeles 
than in the same sex and decades in India. 

During the first three decades, atheroscle- 
rosis of the aorta was largely limited to 
the formation of lipid streaks, and involved 
approximately the same mean extent of in- 
timal surface in Los Angeles and in South 
India. In subsequent decades, lipid streaks 
decreased to an insignificant per cent in 
Los Angeles, but continued in India at 
about the same level encountered in the 
second and third decades. The curve for 
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plaques was similar in the two geographic 
areas, except for the steeper rise in the 
American group from the fourth decade 
onward. Calcific lesions rose abruptly in 
Los Angeles in the latter decades of life 
but remained at a low level in India. 


Comparison of the atherosclerotic index 
of the aorta in the two geographic areas 
revealed a higher index in Los Angeles 
after the third decade, a finding which is 
largely the result of a more rapid increase 
in plaques and calcific lesions, ulcerative 
lesions remaining at a low level in the two 
geographic areas. 

Beginning in the fourth decade, the 
atherosclerotic index was higher in both 
the aorta and the coronary arteries in Los 
Angeles than in India, the discrepancy in- 
creasing with age. 

In Los Angeles, hypertension increased 
the atherosclerotic index in the aorta in both 
sexes, but more so in the female, account- 
ing for the higher atherosclerotic index in 
females in the sixth, seventh, and eighth 
decades. With the sexes combined, a higher 
index was found in the coronary and cere- 
bral arteries of hypertensive patients in the 
sixth, seventh, and eighth decades. The 
atherosclerotic index was lower in the thin 
than in the overweight person, but no con- 
sistent increase in the index was found in 
the overweight. The atherosclerotic index 
was lower in the aorta and coronary arteries 
and higher in the cerebral arteries of Ne- 
groes when compared with Caucasians in 
Los Angeles. 


College of Medical Evangelists. 
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Lipidosis of the Liver Portal Spaces 


I. A Study of Its Relationship to the Lymphatics of the Liver 


G. M. GOLDBERG, M.D., and OTTO SAPHIR, M.D., Chicago 


Fatty infiltration and fatty degeneration 
of the liver are extremely common findings 
which during the past 20 years have received 
much attention because of their relation to 
dietary cirrhosis. Many of these changes are 
found initially most frequently in the peri- 
portal regions. These alterations are quite 
different from those characterized by the 
presence of lipids which are confined to the 
portal areas themselves and which form 
the basis for this study. 

Under normal conditions, fat is histologi- 
cally visible in only small amounts in the 
liver, an organ normally concerned in fat 
metabolism. Disturbances in the amount, 
distribution, type, or staining quality of 
various substances in the liver tissues are 
common in various disease processes. The 
commonest site of excess accumulation of fat 
in the liver is in the liver cells, often, at first, 
only in the periportal areas. The term cur- 
rently used to denote this entity is “fatty 
metamorphosis,” or “fatty change.” Among 
the many causes are metabolic disturbances, 
injury to hepatic cells in nutritional de- 
ficiencies, anoxia, and certain chemical poi- 
sons, such as chloroform, phosphorus, and 
carbon tetrachloride. There is experimental 
evidence that the fat which is seen in the 
hepatic cells is transported metabolic fat 
derived from food or from fat depots of the 
body, rather than from unmasking of fat 
held in the hepatic cells in some other form.” 

Although fat accumulates most commonly 
in the liver cells, it has been noted, both in 
routine autopsy material and in experimental 
work,’ that in certain cases lipid vacuoles 
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appear within the portal areas adjacent to the 
triads, with or without severe involvement 
of the liver lobular tissue. Such focal dis- 
tribution of lipid droplets in the liver portal 
areas has been described by several investi- 
gators,** but in general has received only 
little attention. The origin and mode of 
transport of these lipid droplets are con- 
troversial. Most authors!* suggested that 
the fat droplets are carried to the liver by 
the blood stream. Since the fat in these cases 
accumulates, at least at first, exclusively in 
the portal regions away from liver cells, it 
has nothing in common with fatty degenera- 
tion or infiltration. In previous studies it 
was shown that in follicular lipidosis of the 
spleen, lipid globules are brought to that 
organ by a lymphogenous route ° and that an 
intimate relationship exists between the 
lymphatic system of the spleen and that of 
the liver.6 This relationship was demon- 
strated by their simultaneous involvement by 
metastatic carcinoma ‘* and by finding of 
massive accumulations of lymphoid cells 
within lymphatics in both organs in lym- 
phogenous leukemia. This communication 
deals with the significance of portal-space 
lipid distribution and its relation to the 
lymphatics of the liver and to those of the 
spleen. 


Material and Methods 


This study is based on the examination of ne- 
cropsy material from 20 cases of follicular lipidosis 
of the spleen, 10 cases of acute lymphogenous leu- 
kemia, 10 cases of chronic lymphogenous leukemia, 
and 4 cases in which carcinoma was demonstrated 
to have metastasized to the liver and spleen via 
the lymphatics. Sections were taken from the 
liver and spleen shortly after autopsy was per- 
formed. The material was fixed in 4% formalde- 
hyde solution U.S.P. and stained with hematoxylin 
and eosin. Frozen sections were stained with 
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LIPIDOSIS OF LIVER PORTAL SPACES 


Severity of Lipid Involvement of the Lymphatics * 
in the Spleen and the Liver 


Degree of 
Involvement of 
Lymphatics by 

Lipids in 

Case Main Pathological -— 

No, Age Sex Diagnosis Spleen Liver 
1 67 M Adenoca. of colon +++ ++ 
F Ruptured aortic 

aneurysm +++ +++ 
3 «(C61 M Myocardial infarction +4 
4 74 F  Bronchopneumonia +++ +++ 
5 47 Bronchogenic carci + 
6 60 M Bronchiectasis $+ + 
7 42 M Chronic pyelonephritis ++ ++ 
s 56 M Thrombosis of basilar 
artery + + 
9 57 M Amyotrophic lateral 
sclerosis ++ ++ 
10 F Infarction of small 
intestine ++ + 
ll 76 M Lipid pneumonia +4+4++ 444+ 
12 3 M Astrocytoma of brain +4+4++ +44 
13 64 M Myocardial infarction + + 
48 M Spongioblastoma 
multiforme ++ ++ 
15 58 M Bronchopneumonia; gen- 
eralized arteriosclerosis + + 
16 68 F Carcinoma of pancreas +4+++ +++ 
ae F Carcinoma of rectum ++ ++ 
8s 6 M Myocardial infarction ++ ++ 
19 6 M cell carci 
of buecal mucosa + + 
20 77 M Bronchiectasis; malignant 
hepatoma +++ +++ 


* The severity of lipid involvement of the lymphatics in the 
spleen and the liver was graded + to ++++. Case 11, most 
severely involved, with lipids present in both the liver and the 
spleen, was graded ++++, while Cases 8, 13, 15, and 19 were 
least involved and were graded +. All other cases were com- 
pared with those two extremes and were accordingly graded. 


Sudan IV. The distribution of lipid globules in 
the portal spaces was compared with that of car- 
cinoma cells** propagated via the lymphatics to 
the liver and to the spleen, as well as with the 
involvement of the lymphatics of the liver in 
lymphogenous leukemia. The material was studied 
from two aspects: First, an attempt was made to 
establish whether there was a similar distribution 
of carcinoma cells, cells of lymphogenous leukemia, 
and the lipid globules in portal spaces of the liver. 
Second, the material was studied to see whether 
the involvement by fat droplets of the spleen and 
liver represented an involvement of one continuous 
vascular system. For this purpose 20 cases with 
follicular lipidosis of the spleen were investigated 
and served as orientation for the transport of fat. 
Thus, sections of the spleen were taken to de- 
termine the presence and location of lipids. The 
spleen then served as starting point from where 
the propagation of the lipids could be followed. 
To accomplish this, multiple sections were taken in 
a continuous fashion from the parenchyma of the 
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spleen, the splenic artery and vein in their extra- 
splenic route, the celiac trunk region of the splenic 
and hepatic arteries, the portal vein, hepatic artery, 
and extrahepatic bile duct, and, finally, from the 
vessels of the liver hilus region, the perivascular 
hilar conective tissue, and eventually also from the 
liver parenchyma. Blocks were cut from all these 
tissues and fixed in 10% formalin solution. Some 
of these were embedded in paraffin, cut, and 
stained with hematoxylin and eosin. From other 
formalin-fixed blocks, frozen sections were cut, 
and stained with Sudan IV for the presence of 
lipids. In all these sections the adventitia of the 
vessels, together with the loose connective tissue 
surrounding it, was studied for the presence of 
lipid globules in lymphatics. It was thought that by 
a detailed investigation of all these sections it 
might be possible to demonstrate not only the 
presence of lipids but also the route used by 
the fat droplets during their transport to the spleen 
and the liver or vice versa. It was hoped that the 
Sudan-positive droplets ii all these sections might 
serve as “landmarks,” or “tracers,” for the course 
they followed during their transport. Furthermore, 
it was thought that this method would also serve 
to demonstrate whether the lipid was transported 
by means of blood vessels or lymphatics. As 
stated, the spleen was used as the starting point, 
since in a previous study*® it was demonstrated 
that the lipid droplets within the spleen were trans- 
ported to this organ by perivascular lymphatics. 
Finally, it was thought that any explanation for the 
presence of fat in the portal spaces other than 
their being transported there via the lymphatics 
could be excluded, provided that no lipid droplets 
in the hemic vascular bed or other regions of the 
liver could be demonstrated. 


Thus, an effort was made to gather enough 
evidence for the establishment of one pathogenesis 
(lymphatic route) for the presence of fat globules 
in the portal spaces. At the same time it was 
thought that another pathogenesis (hemic route) 
would be excluded if no other explanation for the 


presence of lipid in the portal spaces could be 
found. 


Results 


The involvement of the lymphatics in the 
spleen in three different disease entities has 
been demonstrated before.** Lymphatics 
located in the walls of trabecular veins con- 
tained carcinoma cells (Fig. 1). Lymphoid 
leukemia cells involving the lymphatics in the 
walls of trabecular veins caused the disten- 
tion and protrusion of these lymphatics into 
the venous lumen (Fig. 2). Globules (Fig. 
3), which on frozen section proved to be 
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Fig 1.—Carcinoma prop- 
sgated via the lymphatics to 
the spleen. <A_ trabecular 
vein of the spleen. Note 
lymphatic vessels with car- 
cinoma cells, bulging into 
the venous lumen. Endo- 
thelial lining of the lym- 
phatics is clearly visible 
Van Gieson and Weigert's 
elastica stain; X< 300. (For 
the use of the histologic 
section, we are indebted to 
Dr. H. Ungar, Chairman of 
the Department of Pathology 
of the Hebrew University- 
Hadassah Medical School, 
Jerusalem). 


Fig. 2.—A trabecular vein 
of the spleen in lymphog- 
enous leukemia. Note lym- 
phatic vessel, with lymphoid 
leukemia cells, bulging into 
the venous lumen. Endo- 
thelial lining of the lym- 
phatics is not clearly visible 
because of mesenchymal con- 
tent and background. Hema- 
toxylin and eosin stain; 
300. 


Fig. 3.—Follicular lipid- 
osis of the spleen. A trabec- 
ular vein of the spleen. Note 
two lymphatic vessels with 
lipid content (frozen  sec- 
tion) bulging into the ven- 
ous lumen. Endothelial lining 
of the lymphatics is clearly 
visible. Compare with Fig- 
ures 2 and 3. Hematoxylin 
and eosin stain; X 300. 
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LIPIDOSIS OF LIVER PORTAL SPACES 


Sudan-positive and which filled these lym- 
phatics, brought about their similar bulging 
into the venous lumen. In this study, in- 
volvement of the lymphatics of the liver as 
well could be easily demonstrated in these 
three disease entities, and the distribution 
of the involvement was similar in all three. 

When the distribution of lipid globules in 
the portal spaces of the liver was compared 
with that of carcinoma metastasizing to this 
organ via the lymphatics, it was found to be 
the same in the two entities. Both the 
carcinoma cells (Fig. 6) and the lipid 
globules were found in spaces located exclu- 
sively in the connective tissue tree accom- 
panying the portal triads (Figs. 4-6). The 
liver lobules, cords of liver cells, and central 
vein regions in our cases disclosed neither 
carcinoma cells nor lipid vacuoles stainable 
with Sudan IV. A few vacuoles seen at 


Fig. 4—A portal space of the liver in a case 
with follicular lipidosis of the spleen (Fig. 3). 
Note the vein filled with red blood cells and, in 
addition, round, endothelial-lined lymphatics with 
sudanophilic content on frozen section. Compare 
with Figures 6 and 7. Hematoxylin and eosin 
stain; 300. . 
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random within liver cells in the periportal 
regions were much too scanty in number 
to allow diagnosing any significant fatty 
changes. The hemic vascular bed, comprising 
the sinusoids, portal vein, hepatic artery, and 
central vein, contained neither carcinoma 
cells nor lipids. 

In a previous work on the localization and 
significance of leukemic infiltrations in the 
liver portal spaces in lymphogenous leu- 
kemia,® only those cases were chosen in 
which the portal spaces were exclusively 
infiltrated with leukemia cells and in which 
the sinusoids were not involved at all. It 
was demonstrated in this study that the 
leukemic infiltrates, in their location, cor- 
responded to the distribution of the lym- 
phatics of the liver, as seen in the portal 
spaces and capsular regions. 

When the distribution of lipid globules 
(Figs. 4, 5) was compared with that of the 
leukemic cells within the lymphatics in lym- 
phogenous leukemia, it was again noted that 


Fig. 5.—Periportal globules (sudanophilic on 
frozen section) within endothelized spaces. Note 
also large vein and bile ducts. Hematoxylin and 
eosin stain; XX 300. 


‘ 


= 
% 
121/589 


Fig. 6—A portal space of the liver with carci- 
noma cells within lymphatics. The bile ducts are 
visible, as well as the endothelial lining of the 
lymphatics. Hematoxylin and eosin stain; X< 300. 


the lymphatics of the portal triads (Fig. 7)* 
were involved, with a striking lack of in- 
volvement of other regions of the liver. The 
capsules of the liver likewise showed parallel 
involvement of the lymphatics in all three 
disease entities (Figs. 8-11). 

Following the method described before in 
regard to the route of transport of lipid 
globules in the spleen, the liver, and the 
perivascular tissues between these organs, 
lipid globules were demonstrated within en- 
dothelial-lined spaces in the adventitia of the 
splenic trabecular arteries and veins (Fig. 
3). Lipid globules were also found in 
similar locations in the various sections taken 
from the hilus of the spleen, splenic artery 
and vein throughout their course, in the 
portal ligament, and in sections cut from the 
hilus of the liver. The lipid accompanied 
the vessels into the portal areas (Figs. 4, 5) 
of the liver and remained there. The lipid, 
in the liver, occupied a perivascular loca- 
tion similar to that observed in the spleen 
(Figs. 4, 5). 

The only vascular systems existing both 
in the liver and in the spleen are the hemic 
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Fig. 7—A portal space of the liver with ac- 
cumulation of lymphoid cells in lymphogenous 
leukemia. Adjacent sinusoids did not show compar- 
able involvement. The infiltrates follow the dis- 
tribution of the lymphatics, being related to them. 
Endothelial lining is not clearly visible because of 
mesenchymal content and background. Hematoxy- 
lin and eosin stain; XX 300. 


and the lymphatic systems. When the hemic 
vascular bed of the liver and the spleen, 
comprising the lumens of the arteries, veins, 
and sinusoids, was investigated for the 
presence of sudanophilic globules, none could 
be found there; and certainly no lipid 
emboli could be demonstrated in either organ 
within the blood spaces. The lipid vacuoles 
were exclusively located inside spaces lined 
by endothelium (Fig. 9). These were located 
within the portal areas of the liver and its 
capsule and did not contain any blood 
corpuscles (Figs. 4. 5). Also, no cellular 
or nuclear structures could be observed in- 
side the lipid vacuoles. The vacuoles varied 
in size in the same portal area. They did not 
form any part of a granuloma of the 
foreign-body type. They did not elicit any 
inflammatory reaction and were similar to 
those observed in the perivascular lipid 
globules in the spleen. Except in the portal 
areas, the only other region in the liver 
where similar sudanophilic vacuoles could be 
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Fig. 8.—Note distended lymphatics with sudano- 
philic content on frozen section and clearly visible 
endothelial lining in the capsule of the liver. Com- 
pare with Figures 10 and 11. Hematoxylin and 
eosin stain; xX 300. 


Fig. 10.—Carcinoma involving the tissue spaces 
(lymphatics) of the capsule of the liver. Hema- 
toxylin and eosin stain; x 300. 
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Fig. 9—A_ distended lymphatic vessel of the 
liver capsule. White space in side vessel had a 
sudanophilic content on frozen section. Note endo- 
thelial lining. Hematoxylin and eosin stain; X< 750. 


Fig. 11—Cells of lymphogenous leukemia in 
the capsule of the liver obviously related to the 
distribution of the lymphatics. Note severe in- 
volvement of capsule as compared with noninvolved 
adjacent sinusoids. Hematoxylin and eosin stain; 


X 300 
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observed was in the liver capsule (Fig. 8). 
From the fact that a lining endothelium was 
often observed surrounding the vacuoles, and 
that there was never any inflammatory reac- 
tion, it seems clear that the spaces are 
actually lymphatics. 


Comment 


In evaluating the presence of lipid globules 
in the liver portal spaces, three methods of 
comparative pathology were employed. By 
selecting cases of follicular lipidosis of the 
spleen in which the fat globules had been 
demonstrated in the perivascular lymphatics 
of the spleen, an effort was made to see 
whether there was a continuous involve- 
ment of the lymphatic system with lipid 
globules, extending from the spleen into the 
liver. The distribution of the lipid globules 
in the liver was compared with the distribu- 
tion of pathologic cells in two other disease 
entities known to involve the lymphatics of 
the liver: carcinoma ** and lymphogenous 
leukemia.**® It has been demonstrated pre- 
viously *® that the lymphatic systems of the 
spleen and the liver are very intimately re- 
lated and are concomitantly and similarly 
affected in these two disease entities. Finally, 
in all the frozen sections taken from the 
liver, spleen, and the vascular tissues be- 
tween them, stained with Sudan IV, and 
carefully examined microscopically, no evi- 
dence was found for the presence of fat 
emboli in the sinusoids, arteries, or veins, 
either in the spleen or in the liver. This 
negative finding seems to us to exclude a 
hematogenous route for the transport of lipid 
droplets to the liver portal spaces. If the 
lipid globules were located extravascularly, 
interstitially in the portal spaces they would 
behave like any fat found free in tissue 
spaces under pathologic conditions, and 
would elicit a foreign-body reaction, or pos- 
sibly a more acute inflammatory reaction, 
depending on the nature of the lipid. Such 
foreign-body granulomas were never ob- 
served in the portal spaces. The absence of 
nuclei in the fat globules and the variability 
in size of the lipid globules, on the one hand, 
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and the presence of an endothelial lining 
around them, on the other hand, exclude 
their being a part of an adipose tissue. From 
all the above evidence, it is suggested that 
the lipid globules present in the portal spaces 
are located within and transported by the 
lymphatics. Their relation to periportal and 
lobular fatty changes of the liver lobules 
themselves, and their fate, merit further 
study. 


Summary 


In 20 cases of follicular lipidosis of the 
spleen, the liver presented lipid globules in 
the portal spaces, in the absence of periportal 
involvement of the liver lobule itself. 

Using various modes of approach, es- 
pecially comparing the localization of car- 
cinoma cells and of lymphoid infiltrates of 
lymphatic leukemia in the portal spaces with 
that of the lipid globules, it was found that 
the latter were located within lymphatics of 
the portal spaces. No evidence of a hema- 
togenous route in the spread of these lipid 
globules was found. 

It is suggested that lipidosis of the portal 
spaces may be part of a generalized systemic 
lymphatic involvement with lipids which 
reach the liver via the lymphatic route. 

The relationship of portal-space lipidosis 
to periportal and lobular fatty changes of 
the liver merits further study. 


Department of Pathology, Michael Reese Hos- 
pital, 29th St. and Ellis Ave. (16). 
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Obituaries 


M. C. WINTERNITZ, M.D. 
1885-1959 


The death of Dr. M. C. Winternitz on Oct. 3, 1959, terminated a long career 
in pathology. He entered the department at Hopkins in 1907 and retired from the 
Chairmanship at Yale in 1950. The intervening years were filled with events 
reflecting his unique character. 

His numerous roles in academic and national life attest his many talents. He 
was Anthony N. Brady Professor of Pathology and Chairman of the department, 
Dean of the Medical School, Director of the Board of Scientific Advisors of the 
Jane Coffin Childs Memorial Fund for Medical Research, Chairman of the Com- 
mittee on the Treatment of War Gas Casualties, Chairman of Division 5 
(chemistry) of the Office of Scientific Research and Development, Chairman of 
the Committee on Growth, Chairman of the Division of Medical Sciences of the 


M. C. WINTERNITZ, M.D. 
1885-1959 


National Research Council, Member of the Hoover Commission. Ideas and the 
ability and vigor to act potentiated all his various talents and as teacher, dean, 
investigator, organizer, and administrator, things happened. 

He was a dynamic teacher—electrifying is Liebow’s word—and it is true that 
the response to his stimulation could fairly be likened to that from a galvanic 
current. His purpose was to initiate thought rather than to instruct, to educate 
in pathology rather than to meet the lesser standards of a qualifying board. As a 
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Dean, he was largely responsible for the Yale Plan, based on the unorthodox 
assumption that the medical student was an intelligent individual, and his policies 
and program brought forth the Medical School in its present form. A deep under- 
standing of research, of its methods, and of research men distinguished his con- 
duct of the Childs Fund and the affairs of the National Research Council. The 
individual rather than the project was significant and worthy of support, and a 
rare ability to pick the qualified individual made his programs successful. In com- 
mittee, his clear, concise questions coupled with an immediate plan of procedure 
abridged controversy, and, although he sometimes persuaded without convincing, 
his power of expression made him master of every situation. 

He had great personal charm, a keen wit, and a high appreciation of wit. He 
liked good company, chocolates filled with Bourbon whiskey, new ideas, and 
beagles. He detested obsequiousness, milk, and obituaries. 


Harry S. N. GREENE, M.D. 
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News and Comment 


ANNOUNCEMENTS 


Second International Meeting of Forensic Pathology.—The Second International 
‘Meeting of Forensic Pathology will be held in New York City on Sept. 18 to 22, 1960. There 
will be six half-day scientific sessions, to be held at the New York University Post-Graduate 
Medical School, immediately adjacent to the new office of Chief Medical Examiner. The 
meeting will have the multiple sponsorship of. scientific societies in this country and abroad 
concerned with forensic pathology and legal medicine. A banquet and other activities are being 
planned for the entertainment of participants and guests, and their wives and families. 

Following the completion of the sessions in New York, those in attendance are invited to 
Washington to visit the Armed Forces Institute of Pathology, the Federal Bureau of Investiga- 
tion, the Smithsonian Institute, and other places of interest in the National Capital. The group 
can then proceed to Chicago for the meetings of the College of American Pathologists and the 
Society of Clinical Pathologists, which begin on September 25 and extend during most of the 
following week. 

All inquiries may be addressed to: 

Dr. Milton Helpern, 55 East End Ave., New York 28 
Dr. Francis Camps, 37 Welbeck St., London W.1, England 
Dr. Charles Larsen, Tacoma General Hospital, Tacoma, Wash. 


Annual Clinical Congress, American College of Surgeons.—The 46th Annual Clinical 
Congress of the American College of Surgeons will be held on Oct. 10-14, 1960, in San 
Francisco. For information, write Dr. William E. Adams, Secretary, American College of 
Surgeons, 40 E. Erie St., Chicago 11. 


SOCIETY NEWS 


Inter-Society Cytology Council.—The annual scientific meeting of the Inter-Society 
Cytology Council will be held at the Palmer House, Chicago, on Sept. 23, 24, and 25, 1960. 
Further information may be obtained from Paul A. Younge, M.D., Secretary-Treasurer, 1101 
Beacon St., Brookline 46, Mass. 


GENERAL NEWS 


Training Program in Experimental Pathology.—The Department of Pathology of 
the University of Louisville School of Medicine has been awarded a five-year grant of $152,499 
by the U.S. Public Health Service for postdoctoral research training in pathology. The pro- 
gram permits integration of research training with work in anatomical or clinical pathology 
and with training in other basic medical] sciences. 
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Books 


Analytical Cytology.—Edition 2. By Robert C. Mellors, M.D., Ph.D., Editor. Price, 
$17.50. Pp. 534, 165 illustrations. The Blakiston Division, McGraw-Hill Book Com- 
pany, Inc., 330 W. 42d St., New York 36, 1959. 


‘here have been several major revisions in the second edition of this book, which considers 
physical and chemical methods of analysis of cell structure and function. The section on 
fluorescence microscopy has been replaced by a chapter written by Robert Mellors dealing 
exclusively with the “Fluorescent-Antibody Method.” The omission of discussion of other 
types of fluorescence microscopy seems unfortunate, since these are also useful in some 
situations. Also dropped from this edition are the chapters on ultraviolet microscopy and 
microspectroscopy, and x-ray diffraction techniques. Titles of the other chapters in this edition 
are “The Intracellular Localization of Chemical Constituents,” by Alex Novikoff; “Phase, 
Interference, and Polarizing Microscopy,” by Robert Barer; “Electron Microscopy,” by Cecily 
Selby; “X-Ray Microscopy,” by Arne Engstrom; “Autoradiography in Cytology,” by Patrick 
Fitzgerald, and “The Photometric Chemical Analysis of Cells,” by Arthur Pollister and 
Leonard Ornstein. These chapters all have been revised, and brought up-to-date. 


The Clonal Selection Theory of Acquired Immunity. By Sir Macfarlane Burnet. Price, 
$5.00. Pp. 209, with 12 figures. Vanderbilt University Press, Vanderbilt University, Nash- 
ville 5, Tenn., 1959. 


Sir MacFarlane Burnet outlines his current ideas about antibody formation in the Abraham 
Flexner Lectures for 1958. After a brief discussion of clonal phenomena among bacteria and 
viruses, Professor Burnet critically evaluates the facts of immunity and emphasizes that all 
of these must be considered in any theory of antibody formation. He then considers the various 
theories of antibody production, and he presents his clonal selection theory. This suggests that 
the capicity to produce specifically patterned proteins, such as antibody, is a genetically deter- 
mined attribute of cells and that the effect of antigen is simply to stimulate immunologically 
competent cells to proliferation, antibody production, or other responses. The implication of this 
hypothesis on immunological tolerance and on various pathological states is then discussed. 
Finally, he considers clonal selection in neoplastic disease. Much of the material is speculative, 
but it is presented in a logical and readable manner. Whether or not this theory stands the 
test of time, it will stimulate new ideas and experimental approaches. 

This is a book which must be read not only by immunologists, bacteriologists, and virologists 
but also by pathologists, hematologists, embryologists, and others interested in the widening 
aspects of immunology. 


The Biochemistry of Clinical Medicine. Second Edition. William S. Hoffman, Ph.D., 
M.D., F.A.C.P. Price, $12.00. Pp. 734, with 58 tables and 63 figures. Year Book Publishers, 
Inc., 200 E. Illinois St., Chicago 11, 1959. 

This book is a lively and readable presentation of the important and fundamental biochemical 
aspects of clinical medicine, designed to help the physician with usual training in biochemistry 
and physiology to apply modern developments for diagnosis, prognosis, and treatment. Although 
the content is primarily biochemistry, the treatment and integration of subject matter are at the 
clinical level and aimed at the clinician rather than the biochemist. 

The treatment of subject matter is both extensive and intensive. Chapter headings are rather 
conventional and include proteins, carbohydrates, lipids, gastric and pancreatic secretions, diabetes 
mellitus, water and electrolytes, kidneys and urine, nephritis, liver, blood clotting, hemoglobin 
and the anemias, calcium and phosphorus, thyroid, steroid and other hormones, nucleic acids, 
vitamins, and biological antagonists. In each case a discussion of fundamental biochemical and 
physiologic principles precedes the application to clinical problems. Recent developments are 
well presented and include aminoaciduria, serum proteins and lipoproteins, multiple inyeloma, 
glucagon, oral hypoglycemic agents, metabolism of potassium, bilirubin, porphyrins, biosynthesis 
of thyroid and adrenal hormones, 17-ketosteroids, plasma and urinary corticosteroids, Wilson’s 
disease, galactosemia, oral diuretics, and serum transaminase. 
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A.M.A. ARCHIVES OF PATHOLOGY 


The organization is logical and readily followed. Interspersed are numerous illustrations 
from the author’s own extensive experience, which add interest and conviction. In complicated 
or controversial subjects, like liver function tests or factors controlling calcium concentrations 
of the blood, conflicting views are effectively expressed, followed by the author’s logical analysis 
and reasoned opinion. Relatively few references are given, about 20 to 40 for each chapter, but 
these are the more valuable for the average reader because they are carefully chosen. The book 
could well serve as a text for a course, as well as ready reference for the busy clinician. An 
excellent book, it should be widely used. 
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PARAGON STAINS PARAMOUNT QUALITY 


PARAGON STAINING SOLUTIONS 


For Tissue Sections 


Dependable—Today; Tomorrow; Every Day 


With Paragon Staining Solutions you obtain superbly stained tissue sections. The bril- 
liance and sharpness of stain without diffusion or unpredictable characteristics greatly 


facilitates diagnosis. 


HEMATOXYLIN STAIN—PARAGON (aqueous alum hematoxylin). Made from 
our own formula. Yields vivid, sharply stained blue nuclei that are really blue—not off 
color or muddy. Extremely sharp staining and selective with no diffusion. Full bodied 
and strong. For a given staining time, repeatedly duplicates depth of staining from slide 


to slide—every day. 
PS1101 Bottle (500 cc) $2.25 


EOSIN STAIN—PARAGON (alcoholic). A special eosin compound of our own prepa- 
ration. Produces deep brilliant red counterstains. Packed in two forms—ready to use and 
concentrated (requiring the addition of 3 parts of 95% alcohol). 

PS1201D Bottle (500 cc) ready to use $2.25 
PS1201 Bottle (250 cc) for 1000 cc 3.00 


ELASTIC FIBER STAIN—PARAGON, Our own resorcin-fuchsin modification of 
Weigert’s Elastic Fiber Stain. Relieves the laboratory of the laborious work involved in 
the preparation of this important stain. Stains sharply with no diffusion into other tissue 


components. 
PS1225 Bottle (250 cc) $2.65 


VAN GIESON STAIN—PARAGON. Especially designed to produce brilliant differ- 
ential counterstaining wit’ less tendency to wash out in rinsing alcohols. 


PS1250 Bottle (250 cc) $1.50 


/ ‘ 
PARAGON MULTIPLE STAIN FOR FROZEN SECTIONS. Invaluable to the 
Pathologist where seconds count and the Surgeon waits for the diagnosis. A single solu- 
tion which stains instantaneously yielding a hematoxylin-eosin like picture. No special 
technic. With Paragon Mounting Medium For Frozen Sections (water soluble) section 
is stained, mounted and under microscope in less than one minute. 
PS1301 Paragon Multiple Stain For Frozen Section Bottle (50 cc) $2.00 
P451 Paragon Mounting Medium For Frozen Sections Bottle (25cc) —_ .50 


Request samples on your institution letterhead. 
Write for fully descriptive catalog number 1049 A which includes a descriptive section on staining 


technics. 
All prices F. O. B. New York, New York, subject to change without notice 


Manufactured exclusively by 


PARAGON C. & €.CO., inc. - 2540 Belmont Ave., New York 58, N.Y. 


Cable Address: Wijeno, New York 


Write for details on the following Paragon Staining Solutions: 
ACID FAST BACTERIA STAIN ¢ CRYSTAL VIOLET STAIN ¢ GRAM’S IODINE SOLUTION 
SAFRANIN STAIN e LOEFFLER’S ALKALINE METHYLENE BLUE e ZIEHL-NEELSEN 
STAIN ¢ WRIGHT’S STAIN e BUFFER SOLUTION FOR WRIGHT’S STAIN 
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